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THE RELATION OF SEASON OF FRESHENING 
TO MILK PRODUCTION 


GEORGE E. FRICK, A. I. MANN, anp STEWART JOHNSON 
University of Connecticut, Storrs 


In an effort to determine the relation of season of freshening to milk 
production, a study was made of 22,212 Dairy Herd Improvement Associa- 
tion lactation reeords. These records were obtained in Connecticut during 
the years 1924 through 1945, although the majority of them were obtained 


in the later vears of this period. 


EXPERIMENTAL 


The amount of milk produced by cows freshening in each month had been 
computed by the University Dairy Department for the 305 days following 
the date of freshening. In many instances the cows were dry before this 
period of time had elapsed and in such cases the production covered a shorter 
milking period. Data for each breed were tabulated separately. The breed 
distribution was 9,325 Guernseys, 8,260 Holsteins, 2,344 Ayrshires, and 2,283 
Jerseys. The lactation records were sorted not only by breed but also by 
the age of the cows at time of freshening. Two-yvear-olds accounted for 22 
per cent of the total number of records, 3-year-olds for 21 per cent, and 
4-year-olds for 16 per cent. Milk yields were used as reported and were not 
adjusted to a common butterfat test." 

Received for publication April 18, 1947. 

1 As milk is priced in Connecticut and in many fluid milk markets of the East, the 
amount of milk produced is much more important than the amount of butterfat. For this ; 
reason the lactation records were not adjusted to give yields of 4 per cent fat-corrected 
milk. In April, 1947, for example, the price paid Connecticut wholesale producers for 3.7 
per cent milk averaged $5.53 per ewt., and the butterfat differential was six cents per 
point. An increase in butterfat test from 3.7 to 4.0 per cent would bring a price premium 
of only 18 cents per ewt, A corresponding increase in the volume of milk (8.1 per cent) 
would bring a price premium of 45 cents per ewt.; an increase in the volume of milk 
equivalent to the increased energy content of 4.0 per cent milk as contrasted to 3.7 per 
cent milk (about 5.3 per cent for Holstein cows) would bring a price premium of 29 cents i 


Moreover, if the records had been converted to a common butterfat base, the 


per ewt. 
For example, yields 


conclusions of the study would not have been modified significantly. 
for Holstein cows in the most favorable month would have exceeded those in the least 
favorable month by 13.9 per cent, rather than by 14.9 per cent as noted in the analysis 
of records of actual volumes. 

631 
Copyright, 1947. by the AMERICAN Dairy SCIENCE ASSOCIATION. 
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RESULTS 


Month of calving and milk yields, by breeds. As shown in table 1, of the 
nine age groups of Guernseys with more than 100 cases, January was the 
most favorable month in four instances, December in three, and February 
intwo. July was the least favorable in seven of these groups, June in one, 
and June and July yields were equal in one. The term ‘‘favorable’’ as 
used here is based on the volume of milk produced by cows freshening in 
each month. It is not based on the value of these yields, which would be 
influenced by the seasonal pattern of milk prices, or on the yields relative to 
costs of production. 

For all Guernsey cows, yields were highest for those freshening in Feb- 
ruary and lowest for those freshening in July. Average production for 
cows calving in February was 7,610 lb. and for cows calving in July was 


TABLE 2 


Relative importance of various months of calving for Guernsey cows 
in different age groups 


Age at date Percentage of total cows freshening during year that calved in: 
of freshen- 

ing, in years |Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. 
1&2 9 7 6 7 5 6 71 it | 

3 9 7 8 7 7 6 8 9 | 10 11 9 8 

4 9 8 9 8 6 8 9 ‘i 9 9 | 10 9 

5 9 8 10 9 8 7 8 7 8 11 8 8 

6 8 | 8 10 9 9 8 10 7 9 

7 9; 9 9 8 s | 9 10 7 6 2 | 8 8 

8 & over 10 | 9 10 9 6 | 9 8 7 8 ei 7 8 
All ages 9 | 8 8 8 a 8 8 9 10 | 9 9 


6,670 lb. The difference in favor of cows freshening in February was 940 
lb. From February until July average yields decreased for cows freshen- 
ing in each succeeding month, and from July until February average vields 
increased from each month to the next. 

The average yield for all cows freshening in a given month was calculated 
by weighting the yield for each age group by the total number of cows in 
that age group regardless of month of freshening. This method was chosen 
because of the joint relationship of age with season of freshening. A larger- 
than-usual number of 1- and 2-year-old Guernseys freshened in the fall 
months but this tendency gradually disappeared as the cows became older 
(table 2). A simple average, with total production for all cows freshening 
in a given month being divided by the number of cows, would be influenced 
by the proportion of cows which were of a young age. If the weighting 
factor in each age group is the total number of observations for the year, 
possible errors due to the joint relationship of season of freshening with age 
are avoided. If weighted averages according to the method described had 
not been used, February through July yields would have erred on the high 
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side, and August through January yields would have erred on the low side; 
the extent of error would have been as large as 80 lb. in August and Sep- 
tember and 110 Jb. in March. 

Average yields of Holsteins were highest for cows freshening in February 
and lowest for cows freshening in August (table 3). The most favorable 
month was the same as for Guernseys, but the least favorable was a month 
later in the summer. Milk yields were 14.9 per cent greater for cows 
freshening in the most favorable month than in the least favorable month, 
slightly greater than the corresponding difference of 14.1 per cent noted with 
Guernsey cows. 

Thirty-three per cent of the 1- and 2-year-olds freshened in the Septem- 
ber—November quarter, but this fall-freshening tendency gradually disap- 
pedred as age increased, with only 21 per cent of the cows 8 years old and 
over freshening in this quarter (table 4). This corresponds closely with the 
association of age with season of freshening as found with Guernsey cows. 


TABLE 4 


Relative secgbanas of various months of calving for Holstein cows 
in different age groups 


Age at date Percentage of total cows freshening during year that calved in: 
of freshen- 
ing, in years | Jan.| Feb.| Mar.} Apr.| May| June| July} Aug.| Sept.| Oct. | Nov.| Dee. 
1&2 9 8 6 5 4 6 9 10 12 it 10 10 
3 10 8 8 6 6 5 8 11 11 10 10 8 
4 8 8 10 7 6 7 8 10 10 8 10 9 
5 10 9 8 ie vf 7 9 8 7 9 9 | 10 
6 10 9 9 7 6 7 10 9 9 8 8 9 
7 8 9 11 10 5 7 9 9 5 8 8 11 
8&over |. 7 8 10 | 10 9 9 10 8 6 8 7 7 
All ages 9 8 8 7 6 . 9 | 10 9 9 9 9 


Milk yields were highest for Ayrshire cows freshening in January and 
lowest for those freshening in July (table 5). Yields in the most favorable 
month exceeded those in the least favorable by 16.2 per cent. 

As with the Ayrshires, milk yields were highest for Jersey cows freshen- 
ing in January and lowest for those freshening in July (table 5). The dif- 
ference in yields between the most favorable and least favorable months was 
greater than for any of the other three breeds; cows freshening in January 
produced 19.2 per cent more than those freshening in July. 

Tests of significance of averages. Although there was considerable dis- 
persion about the average milk yield for cows freshening in each month, 
enough observations were made so that the differences noted were highly 
significant. Standard errors of the difference between means were used in 
judging reliability. Comparing the average yield for Guernseys freshening 
in February with that for Guernseys freshening in July, the actual differ- 
ence was about ten times the standard error of the difference between the 
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means. This was very higlily significant. Between two consecutive months 
differences were sometimes small and were not always significant. In gen- 
eral, however, average yields consistently increased from the least favorable 
to the most favorable month, and consistently decreased from the most 
favorable to the least favorable month. 

Month of calving and milk yield—all breeds combined. The general 
patterns of the association of month of calving with milk yields were similar 
for each of the four breeds. Similarly, the general patterns were similar 
for each of the most important age groups, although the differences in yields 
between the most favorable and least favorable month of calving became 
relatively greater as age increased. These differences were sufficiently small, 


TABLE 5 


Average milk yields, by breeds and for all breeds combined, for 22,212 cows 
freshening in different months 


7 Average milk yields* 

Month of No. of 

freshening Guernseys | Holsteins | Ayrshires | Jerseys ncn — 

(1b. milk per cow, 305-day lactation period) 

Jan. ...... . 7540 9720 8520 | 7460 8450 1946 
7610 10120 8240 | 7230 8570 1766 
March . ; 7500 9790 8170 | 7250 | 8400 1874 
April ..... 7360 9770 7880 6890 8260 , 1630 
7230 9390 7750 6420 | 8000 ; 1492 
June 6800 9200 7790 6570 7770 | 1572 
July .... ea 6670 8930 | 7339 | 6260 | 7540 | 1876 
6950 8810 | 7620 | 6340 7650 | 2002 
Sept. . 6950 9220 7890 6630 7860 | 2046 
7380 9540 8070 6900 8210 2114 
Wev. ........... emcee 7520 9650 8260 7010 8340 | 1990 
7550 9700 8280 6940 8360 1904 
7260 9490 7980 | 6820 | 8120 | 22212 


* Yields for each breed were calculated as described in tables 1 and 3. Yields for all 
breeds combined were calculated by weighting yields for each breed by the total number 
of observations, i.e., 9,325 Guernseys, 8,260 Holsteins, 2,344 Ayrshires, and 2,283 Jerseys. 
however, so that a single measure of the relationship of month of calving to 
milk yields was considered to be of value. 

Average yields were highest for cows calving in February and lowest for 
cows calving in July (table 5). The difference in yields was 1,030 lb. Cows 
freshening in February produced 13.7 per cent more milk than those fresh- 
ening in July. Yields increased from one month to the next from July to 
February, and decreased from one month to the next from February to 
July.” 

2In applying the relationships found in this analysis to individual farms, it must be 
kept in mind that they are for the average cow in dairy herd improvement associations in 


Connecticut. Feeding rates, pasture conditions, milk-producing capacity of cows, etc., 
might vary from the D.H.I.A. situation on any particular farm, and thus affect the rela: 


tionship of month of calving to milk yields. 
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DISCUSSION 


Woodward (2) studied the influence of the month of calving on milk 
production of 15,442 cows in dairy herd improvement associations in 12 
states. The lactation records covered a 365-day period, rather than the 
305-day period for the records used in the Connecticut analysis. Milk yields 
were corrected to a 4-per cent milk-equivalent basis. This was not done 
in the Connecticut study, since the price differential for butterfat places 
primary importance on milk yield rather than butterfat test. 

A comparison of the association of month of calving with milk yields as 
found in the two studies is shown in figure 1. Milk yields for cows calving 


WOODWARD ANALYSIS 


me 


| 


J. M. A. M. J. J. A. s. oO. N. 
MONTHS 
Fie. 1. Milk yields for cows calving in different months, 22,212 Connecticut lacta- 
tion records compared with 15,442 12-state records analyzed by Woodward. 


INDEX -AVERAGE MONTHLY YIELD = 100 


in the most favorable month in Woodward’s study were only 2.5 per cent 
higher than for cows calving in the least favorable month. In.the Connecti- 
cut analysis, milk yields in the most favorable month exceeded those in the 
least favorable month by 13.7 per cent. The range between yields in the 
low and high months was more than four times greater with Connecticut 
records than with the 12-state records used by Woodward. In absolute 
terms, milk yields in the most favorable month exceeded those in the least 
favorable month by 222 lb. in Woodward’s study and by 1,030 lb. in the 
Connecticut study. The relatively small influence of month of calving on 
milk yields found by Woodward may have been due to his combining all 
records—all breeds, all ages, all states—before calculating average yields. 
If climatic differences should cause the association of month of calving with 
milk yields to vary among the different states, a combination of records from 
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several states would tend to minimize fluctuations in yields. Greater varia- 
bility might have been noted in Woodward’s analysis if the effect of the joint 
relationship of age with season of freshening had been eliminated. 

Although in both studies the month of July was found to be the least 
favorable month of calving, the most favorable month in the Connecticut 
study came in February rather than in November, as in Woodward’s study. 
The reasons for this difference are not apparent. 

In a recent New Hampshire study, Morrow et al. (1) reported average 
milk yields by breeds for 4,030 cows calving in different months. Produc- 


10, 


NNEC TICUT 
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MONTHS 
Fig. 2. Milk yields for Holstein cows calving in different months, 1,946 New Hamp- 
shire lactation records compared with 8,260 Connecticut records. 


tion was calculated on the basis of a 305-day lactation period, and corrected 
to a 4-per cent milk-equivalent, mature-equivalent volume. 

As shown in figure 2, the most favorable month of freshening for Hol- 
stein cows, according to the New Hampshire analysis, was December, and 
the least favorable was June. Average milk yields for cows freshening in 
December exceeded those freshening in June by 19.2 per cent. This varia- 
tion was greater than that found in Connecticut, where the corresponding 
difference was 14.9 per cent. The most favorable month in Connecticut was 
February, and the least favorable month was August. 

As shown in figure 3, Guernsey cows calving in January gave the most 
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Fig. 3. Milk yields for Guernsey cows calving in different months, 747 New Hamp- 
shire lactation records compared with 9,325 Connecticut records. 


TABLE 6 


Relation of month of calving to milk yield, D.H.I.A. herds in 
New York State, 1936-1945* 


Month Lb. milk produced per cow 
of 
fresh- 
: 1936 | 1937 | 1938 | 1939 | 1940 | 1941 | 1942 | 1943 | 1944 | 1945 | aver- 
ening 
age | 
Jan. ... | 8519 | 8247 | 8423 | 8410 | 8636 | 8830 | 9302 | 9482 | 9436 | 9598 | 8888 
Feb. ... | 7897 | 8047 | 8150 | 8032 | 8248 | 8606 | 8939 | 9245 | 9045 | 8895 | 8510 
March 7752 | 7862 | 8078 | 7980 | 8265 | 8239 | 9141 | 9138 | 8736 | 8888 | 8408 } 
April 7676 | 7786 | 7614 | 7781 | 8027 | 8108 | 8467 | 8603 | 8743 | 8661 | 8147 / 
May .... | 7721 | 7542 | 7666 | 7463 | 7847 | 8122 | 8473 | 8690 | 8430 | 8679 | 8063 | 
June 7852 7952 | 7427 7465 | 7877 | 7712 | 8442 | 8500 | 8654 | 7999 | 7988 
July ... 8085 | 7475 7838 | 7389 7950 | 8028 | 8334 | 8681 | 8292 | 8506 | 8058 
Aug... 8542 8617 | 8059 | 7910 | 8047 | 8490 | 8695 |.8891 8614 | 8810 | 8468 
Sept. ..... | 8590 | 8217 | 8341 | 8418 | 8434.| 8889 | 9177 | 9103 | 9262 | 9223 | 8765 
Oct. ..... | 8687 ' 8901 | 8833 | 8502 | 8429 | 8972 | 9391 | 9684 | 9380 | 9532 | 9031 
Nov. ..... | 8676 | 8797 | 8958 | 8492 | 8768 | 9247 | 9383 | 9926 | 9471 | 9552 | 9127 
Dee. 8116 8573 | 8432 | 8344 | 8680 | 9045 | 9309 | 9538 | 9199 | 9475 | 8871 


* Annual data obtained from J. F. Kendrick, Bureau of Dairy Industry, Washington, 
D. C., and from W. T. Crandall, Department of Animal Husbandry, Cornell University, 
Ithaca, New York. The 1936-1945 averages were computed by the authors of this report. 
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milk, according to the New Hampshire analysis, and those in July gave the 
least. The low month was the same as in the Connecticut analysis, but the 
high month was 1 month earlier. Production in the most favorable month 
exceeded that in the least favorable month by 23.1 per cent in New Hamp- 
shire and 14.1 per cent in Connecticut. 

A summary based on records of Dairy Herd Improvement Associations in 
New York State indicated that cows freshening in November gave the most 
milk and cows freshening in June gave the least milk (table 6). The least 
favorable month came 1 month earlier than in Connecticut, and the most 
favorable month 3 months earlier. The difference in yield between the 
most favorable and the least favorable month was about the same as in 


Connecticut. 
SUMMARY 


Milk yields for 22,212 Connecticut cows averaged highest for cows fresh- 
ening in February and lowest for cows freshening in July. The most fav- 
orable month of calving came later in the fall-winter season than had been 
found in studies in other areas. 

Production for cows calving in the most favorable month of freshening 
exceeded that in the least favorable month by 13.7 per cent. This was much 
greater than found by Woodward in a 12-state analysis but less than was 
found in recent studies in New Hampshire, and about the same as found in 
New York. 

The association of milk yield with month of calving was similar for each 
of the four breeds—Guernsey, Holstein, Ayrshire, and Jersey. The asso- 
ciation also was similar for each of the most important age groups, although 
the difference in yields between the most favorable and least favorable month 
of calving became relatively greater as age increased. 

In determining differences in yields associated with month of calving, 
statistical procedures taking into account the joint relationship of age with 
season of freshening were necessary. As the cows in Connecticut herds 
inereased in age, a smaller proportion freshened in the fall months of the 


year. 


REFERENCES 
(1) Morrow, K. S., KEENER, H. A., AND HALL, C. N. Analysis of Certain Factors In- 
volved in Dairy Herd Management in New Hampshire. N. H. Agr. Expt. Sta. 
Tech. Bul. 86. 1945. 
(2) Woopwarp, T. E. Some Studies of Lactation Records. Jour. Dairy Sci., 28: 
209-218. 1945. 


CHOLINE STUDIES WITH YOUNG DAIRY CALVES. II. EFFECT 
OF MILK AND OTHER SUPPLEMENTS ON BLOOD 
CHOLINE LEVELS’ 


R. K. WAUGH,? 8. M. HAUGE, anp W. A. KING 


Departments of Agricultural Chemistry and Dairy Husbandry, Purdue University 
Agricultural Experiment Station, Lafayette, Indiana 


Ina previous publication (11) the authors presented evidence which indi- 
cates that the choline content of colostrum is reflected in the choline content 
of the blood of the young calf. The following study is a report of a continu- 
ation of this work. The experiments were designed to show trends of choline 
levels of blood with increasing age, and to determine effects of milk and other 
supplements in the diet upon the blood choline levels of young calves. 


EXPERIMENTAL 


In these experiments the method of analysis for choline in blood was the 
same as that used previously (11). 

Effect of removal of milk from the diet. Trial I included seven calves. 
These calves were kept in individual pens and allowed the amount of grain 
mixture they would clean up twice daily. The ingredients of this mixture 
are shown in table 1. Alfalfa hay was fed ad libitum after the first 2 weeks 
of age. Two calves received milk throughout the trial. For the other five 
calves the removal of milk was started at 4 weeks of age and was completed 
by the fifth week. 

Figure 1 shows the results of this trial. Blood choline values definitely 
were depressed by the removal of milk from the calves’ diets. This decrease 
was obvious even by the end of the fifth week, when the removal of milk was 
complete. 

Trial II was conducted to obtain more evidence of the blood choline 
decline incident with removal of milk and was designed similar to trial I. 
However, a different grain mixture was used, as shown in table 1. This mix- 
ture contained about 1 mg. of choline per gram. Vitamins A and D were 
fed by capsule to insure a daily intake of 10,000 I.U. of vitamin A and 400 
units of vitamin D for the first week, after which the amounts were decreased 
50 per cent. All the dams of these calves had been on pasture just prior to 
calving, and the milk given these calves was from Holstein cows receiving 
some pasture. The Holstein calves received 10 lb. of milk daily and the 
Jersey and Guernsey calves, 8 lb. Four calves were used as controls and 
received milk throughout the trial. Milk was removed from the diets of 
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TABLE 1 
Composition of grain mixtures 
Trial I Trial II 
(1b.) (lb.) 
Ground yellow corn ..... 32 25 
Rolled oats 25 28 
Wheat bran 15 15 
Alfalfa leaf meal ....... | 
1 1 
Steamed bome meal 1 
1 
1 


* Bone meal, 50%; limestone, 46.7%; ferric citrate, 3%; copper sulphate, 0.1%; 
manganese, 0.1%; and cobalt chloride, 0.1%. 
11 calves at the fifth week of age. The results of this trial are shown in 
figure 2. The differences in blood choline levels of the two groups were not 
as great as were observed in trial I but were found to be statistically signifi- 
eant. If trial II had been terminated at 7 weeks, the results of the two trials 
would have been very similar. The calves were not as thrifty as those in 
trialI. The incidence of scours was greater and appeared to cause a definite 
lowering of blood choline. Calves which became unthrifty at one time or 
another, as evidenced by low weight gains or loss in weight, usually had low 
or fluctuating blood choline values. The comparison of the two groups, 
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Fie. 1. The effect of milk consumption on the choline content of the blood of calves 
in trial I. 
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Fie. 2. The effect of milk consumption on the choline content of the blood of calves 
in trial II. 


shown in figure 2, indicates that removal of milk from the calves’ diets caused 
a lowering of blood choline. 

Effect of feeding choline and methionine on blood choline. The removal 
of milk from the diet caused lower blood choline levels. Whether this depres- 
sion of blood choline was due either to insufficient choline or to insufficient 
labile methyl groups (7, 8, 9, 10) was tested by feeding choline and methio- 
nine. Four calves which had not received milk after 5 weeks of age were 
used in this trial. For a period of 2 weeks, beginning at the eighth week of 
age, each calf was given by capsule a daily dosage of 12 g. of choline chloride, 
followed for 2 weeks by a daily dosage of 4 g. of choline chloride and 6 g. of 
dl-methionine. 

The data of table 2 indicate that these supplements had no effect upon the 


TABLE 2 


Effect of feeding choline and methionine on blood choline levels 
(mg. choline chloride per ml. whole blood) 


Age in 
JP317* | B5S87t | P124* B588t Av. 
Initial 8 0.23 0.26 0.24 0.22 0.24 
12 g. choline chloride daily 9 0.30 0.21 0.19 0.23 0.23 
10 0.24 0.16 0.25 0.21 0.22 
4 g. choline chloride and 11 0.27 0.22 0.24 0.15 0.22 
6 g. methionine daily 12 0.26 0.22 0.22 0.19 0.22 

* Jersey. 


t Holstein. 
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level of blood choline. The weekly variations of blood choline values were 
not statistically significant. An insufficient quantity of choline or of labile 
methyl groups does not appear to be responsible for lowered blood values 
which occurred after the removal of milk from the diet. 

Effect on blood choline of returning milk to the diet. A test was made to 
determine the effectiveness of the addition of milk to diets with and without 
choline supplements in raising blood choline values. Milk was restored to 
the diets of the same four calves which had received the choline and methio- 
nine supplements. The milk was increased gradually over a period of 4 days, 
after which the Jersey calves received 8 lb. of milk a day and the Holsteins, 
10 1b. In addition to the milk, two of these calves were given 8 g. of choline 
chloride daily. As controls, four other calves of the same age received no 
milk. This trial began when the calves were 13 weeks of age and continued 
for 4. weeks. The results are given in table 3. The data on these small num- 


TABLE 3 


Effect of restoring milk to the diet on the choline content of blood 
(mg. choline chloride per ml. whole blood) 


Control—no milk or choline Milk Milk & choline 
Weeks Av. 
P125* | 80Bt | B589t | B582t;} Av. | JP317*| P124*} B587t | B58st 
Initial 0.20 0.24 0.27 0.24 0.24 0.26 | 0.22 0.22 0.19 0.22 
1 0.24 0.22 0.26 0.21 0.23 0.30 0.28 0.25 0.23 0.27 
2 0.26 0.27 0.26 0.26 0.26 0.29 | 0.28 0.29 0.28 0.29 
3 0.22 0.21 0.22 0.19 0.21 0.30 0.35 0.25 0.22 0.28 
4 0.23 0.15 0.22 0.22 0.21 0.31 0.28 0.31 0.30 0.30 
* Jersey. 
t Holstein. 
¢ Guernsey. 


bers should not be considered conclusive but it appears that the milk (and 
milk and choline) caused an elevation of blood choline when introduced into 
the diet of these calves which had received no milk for 7 weeks.. The supple- 
mentation of the milk with choline chloride appeared to be without effect. 
Attempts to increase the blood choline by injections of choline chloride. 
Since oral administration of choline chloride did not appear to increase the 
choline content of the blood, possibly either the choline was not absorbed or 
its accumulation in the blood stream was prevented by rapid removal. In the 
previous experiments, the blood samples were taken approximately 24 hours 
after giving the choline. Therefore, even if the intestinal absorption of the 
choline were rapid and the subsequent removal from the blood were rather 
slow, any initial rise in the choline content of the blood following feeding 
the choline chloride might not have been detected. However, with the intro- 
duction of choline chloride directly into the blood stream, it was thought that 
an elevation of the choline level should be detected unless the removal from 
the blood is extremely rapid. 
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Choline chloride solutions were injected into one jugular vein, and blood 
samples were taken from the opposite jugular for choline analysis. The 
injected solution contained 1 g. of choline chloride per 4 ml. of water, and 
injections were made at the rate of about 1 g. of choline chloride per minute. 
The injection of 1 g. of choline chloride into an 80-lb. calf should be sufficient 
to approximately double the choline content of the blood. 

The blood choline values obtained just before and at intervals following 
the injections are shown in table 4. The first injection was made into calf 
no. 79B, a Holstein heifer. This calf lacked thrift and had made slow weight 
gains, but an autopsy at a later date showed no pathological symptoms. This 
calf became prostrate within 60 seconds after the injection and showed diffi- 
culty of breathing, considerable salivation, some belching of gas, and defeca- 


TABLE 4 


Lffect of injecting choline chloride on blood choline levels 
(mg. choline chloride per ml. whole blood) 


80B* 79B* 79B 79B B591t B591 B591 
Date (1946) ............. | Nov.11]} Nov. 4 | Nov. 11] Nov. 19 | Nov.11 | Dee.2 | Dee. 17 
G. choline injected ...... 0 1 1 2 1 1 2 
Calf weights (Ib.) ..... 165 | 80 82 84 80 - 97 107 
0.24 ¢ 0.23 0.14 0.16 | 0.22 0.24 0.14 
om | jo. 0.24 0.50 0.25 0.22 0.30 
| 0.21 0.16 0.16 
0.24 | 0.32 Dead 
0.20 | 0.18 0.13 Dead 0.20 
240 0.25 | 0.200 | 0.22 


* Holstein. 

t Guernsey. 

+ Minutes following beginning of injection. 
tion and urination within the first 3 minutes. When the calf was helped to 
its feet after 5 minutes, it was very unstable, with considerable quivering of 
the muscles. The calf appeared normal 15 minutes after injection. These 
reactions were typical of all injections except that they did not always cause * 
complete collapse. 

The increases following 1 g.-injections were not consistent. The 2 g.-in- 
jections produced a definite increase in the choline of the blood although this 
amount proved fatal. It appears that the injected choline was removed 
quickly from the blood stream. To check the possibility that handling and 
repeated bleeding might influence the choline levels, calf no. 80B was bled 
at intervals without injection. These effects were insignificant. 


DISCUSSION 
It might appear that there is a simple correlation between the choline 
intake with milk and the choline level of the blood. As shown in previous 
work (11), the choline content of the blood increased considerably when the 
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calves received colostrum, which is high in choline. This response might be 
analogous to the response of vitamin A in the calves’ blood due to the high 
vitamin A content of colostrum. In this study the choline content of blood 
remained high until the withdrawal of milk, when it decreased. The choline 
content also appeared to be elevated by returning milk to the diet. 

That these responses are not directly related to the choline of the diet is 
indicated by two observations. In the first place, when the milk was removed 
from the diets, the calves consumed about 1 lb. more grain per day. The 
choline content of this additional grain (0.45 g.) largely compensated for the 
loss of choline due to the removal of milk (0.63 g.). In the second place, 
administration of additional choline and methionine with the grain ration 
failed to increase blood choline levels.’ Consequently, the drop in blood 
choline hardly can be attributed to the lack of choline or transferable methyl 
groups, since the dietary intake of choline cannot be correlated with the 
blood choline levels. 

Since there does not appear to be a simple quantitative relation between 
choline intake and blood levels, it might appear that the choline of the grain 
mixture was less available than that in the milk. Some work with poultry 
(5) indicates that the choline of some grain mixtures is not utilized as well 
as in others. The supplementation of the grain mixture with compara- 
tively large amounts of choline chloride would be expected to cause increases 
in blood choline, even though utilization of the added choline was very 
inefficient. 

Inasmuch as milk favored higher choline levels than grain, possibly milk 
contains choline precursors. Studies with chickens indicate that poultry are 
capable of some choline synthesis and that some feeds contain choline pre- 
eursors (4, 6). However, the supplementation of the grain with choline 
chloride and methionine should have compensated for any precursors of 
choline of the milk diet: 

Inasmuch as choline is present as lecithin in both grains and milk, this 
. would not explain the differences. However, Artom and Cornatzer (1) 
recently observed that in rats more synthesis of phospholipids occurred in 
the intestinal walls when fat and choline were ingested than when choline or 
fat alone was ingested. Fishman and Artom (3) also have shown that liver 
lecithin is greater when rats are fed high fat diets than when fed low fat 
diets, if adequate choline is present. The calves, while receiving milk, did 
have considerably more fat in their diets than when milk was removed. It 
may be that the greater amount of fat necessitated more phospholipid forma- 
tion for efficient utilization of the fat, and the higher amounts of choline 
occurred in the blood because of the type of nutrient being transported. On 
the basis of these observations (1, 3), it seems plausible that the differences 
in fat content of the two diets might be related to differences found in blood 
choline levels. 
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In consideration of the evidence previously presented, it appears that 
some component of milk other than choline or methionine may influence 
blood choline levels of young calves. 

Choline chloride is toxic when injected intravenously. This is in con- 
siderable contrast to the apparently low toxicity when fed orally. No dele- 
terious effects were noted when as much as 12 g. of choline chloride per day 
was given orally, but it may be that prolonged feeding of these rather large - 
amounts would produce undesirable results. The injected choline chloride 
was removed from the blood stream very rapidly. The lethal amount of 
choline chloride for 80- to 100-lb. calves when injected at a rate of about 1 g. 
per minute appeared to be between 1 and 2 g. 


SUMMARY 


1. Removal of milk from the diets of calves at 5 weeks of age resulted 
in a drop in blood choline values. 

2. Feeding choline chloride or choline chloride and methionine did not 
increase blood choline levels. 

3. While not conclusive, some data are presented that indicate returning 
milk to the diet of calves caused elevation of blood choline. 

4. Evidence is presented which indicates that a component of milk other 
than choline or methionine may influence blood choline levels. 

5. Intravenous injections of choline chloride produced only a temporary 
rise of the choline content of the blood. It was rapidly removed from the 
blood stream. Injections of 2 g. proved to be fatal. 
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THE PHARMACODYNAMICS OF ASCORBIC ACID IN CATTLE. I. 
ABSORPTION AND ELIMINATION? ? 


R. E. ERB,3 F. N. ANDREWS, anp R. E. NICHOLS 
Purdue University Agricultural Experiment Station, Lafayette, Indiana 


It has been believed generally that cattle synthesize sufficient quantities 
of ascorbic acid to meet their requirements. Several investigators (20, 30, 
33, 34) fed dairy cattle for extended periods on diets low in ascorbie acid 
without observing significant decreases in blood plasma ascorbic acid or 
decreased excretion of the vitamin in milk or urine. Others (9, 21, 22, 32) 
have reported that oral administration of crystalline ascorbic acid in large 
quantities did not increase the ascorbic acid content of the milk. Whitnah 
and Riddell (35) and Riddell et al. (22) fed 65 kg. of green rye to dairy 
cows which were otherwise kept under barn feeding conditions. They ob- 
served several-fold increase in the urinary excretion of ascorbic acid and a 
doubling of the blood plasma levels during the first 12 hours. The blood 
plasma and urinary ascorbic acid returned to pre-feeding levels within 24 
hours. No significant changes occurred in the milk ascorbic acid as a result 
of feeding green rye. 

Rasmussen et al. (19) and Knight et al. (9) have shown that intravenous 
or subeutaneous administration of crystalline ascorbic acid results in sig- 
nificant increases in this compound in cows’ milk. Investigations of rumen 
contents by Whitnah and Riddell (35), Knight et al. (10), and Vavich et al. 
(32), both in vivo and in vitro, have shown that ascorbic acid is lost rapidly. 
Crystalline ascorbic acid was destroyed more rapidly than that from plant 
sources, probably because of the slower release from the plant tissues ; Vavich 
et al. (32) showed that ascorbic acid destruction was decreased but not 
entirely prevented in autoclaved rumen contents. 

The probable synthesis of ascorbic acid by the dairy cow has been sug- 
gested (8, 10, 11, 20, 22, 31, 33, 34), but the site of synthesis is unknown. 

It generally is believed that blood plasma ascorbic acid is increased most 
effectively when vitamin C is administered subcutaneously or intravenously. 
Hawley et al. (7), Knight et al. (10), and Satterfield et al. (24) have re- 
vealed that blood levels rise very rapidly following intravenous administra- 
tion, with excretion in the urine practically being completed within 2 hours. 
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Subcutaneous administration results in a slower rise in blood levels, with a 
correspondingly slower rate of excretion. Oral administration of chloro- 
butanol (2, 3, 14, 15, 16, 17, 26) significantly increases blood plasma ascorbic 
acid in cattle and urinary excretion of ascorbic acid is increased greatly (16, 
17). This phenomenon also has been demonstrated in rats (12, 28). Feng 
(6) reported that chlorobutanol and phenobarbitol accelerate the urinary 
excretion of ascorbie acid by rats and increase its concentration in small 
intestinal tissue, kidney, spleen, and liver. 

Although the bovine apparently does not require extraneous ascorbic 
acid in the diet, considerable quantities of the vitamin are ingested, espe- 
cially when animals are on good pasture. In view of the controversial 
nature of ascorbic acid utilization and its indicated destruction in the rumen, 
the study of absorption and elimination of ascorbic acid when administered 
into various known levels of the digestive tract, as compared to subcutaneous 
and intravenous administration, seemed highly desirable. Since chloro- 
butanol previously had been shown to increase blood plasma ascorbie acid, it 
seemed advisable to study its effects. 


EXPERIMENTAL 


Steers were selected for these studies because of the ease of continuous 
urine collection and the absence of such disturbing side effects as estrus and 
lactation. Five yearling Hereford cattle averaging 600 lb. at the beginning 
of the experiment were used. They received daily 6 lb. of a grain mixture 
composed of four parts shelled corn, two parts. whole oats, and one part soy- 
bean meal and were fed good quality alfalfa hay ad libitum. Feeding and 
watering were done between 7:00 and 8:00 a.m. and 5:30 and 6:00 p.m. 
The steers were kept in metabolism stalls for several days before and follow- 
ing each experimental trial and in a small dry lot at other times. Rumen 
fistulae were made in two steers using the technique of Schalk and Amadon 
(25), and fistulae were created in the jejunum, cecum, and colon, respec- 
tively, in the other three animals, as described by Nichols (18). Twenty- 
four-hour urine samples were collected during the experimental trials on all 
steers except the steer with the small intestinal fistula. The abdominal loca- 
tion of this fistula made urine collection impractical. Ascorbic acid deter- 
minations were made on whole blood, blood plasma, urine, feces, and ingesta, 
using the method of Roe and Keuther (23). Hemoglobin was determined 
by the method of Evelyn (5) and blood cell volume by the method of Win- 
trobe (36). All colorimetric determinations were made with the Evelyn 
photoelectric colorimeter. 

Twenty-four-hour urine samples were collected before trials, during 
trials, and 1 to 2 days afterwards. The urine was collected in 5-1. bottles 
charged uniformly with 100 ¢c.c. of 20 per cent metaphosphoric acid. Urine - 
specimens were measured and sampled uniformly between 7:30 and 8:00 
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a.m. and 5:30 and 6:00 p.m. All statistical analyses were made according 
to Snedecor (27). 
RESULTS 

Control. Since preliminary trials indicated that blood plasma ascorbic 
acid was decreased by frequent bleeding, this factor was investigated. Two 
trials on each of four steers (those with rumen, colon, and cecum fistulae) 
were made. Base levels of urinary excretion of ascorbic acid and blood con- 
tent of the vitamin were established. The animals then were injected with 
50 ¢.c. of distilled water into their various fistulae and were bled ten times 
during an 8-hour period. The results, as shown in table 1, reveal that whole 
blood and blood plasma ascorbie acid levels were significantly decreased, as 
compared to base levels (mean of — 24, 0, and 24 hours used uniformly in 
this and succeeding trials discussed in this section), during the period when 
bleeding times were close together. These levels returned to pre-trial levels 
between the fourth and sixth hours. The extreme drop in blood plasma 
ascorbic acid for the fourth hour is not readily explainable, but in six of the 
eight trials this value was lower than for the third hour and in seven trials 
it was lower than for the sixth hour. The urine excretion for this period 
(table 2) shows little variation for the 3-day periods involved. The variance 
between steers, however, was highly significant. 

Rumen. Six trials were made on each of two steers. Sixteen grams of 
ascorbic acid, dissolved in 100 c.c. of distilled water, were delivered onto the 
floor of the ventral rumen sac with a syringe and catheter. This procedure 
' was repeated every other day for three trials; the steers then were given a 
13-day rest period before the second series of three trials was run. As 
shown in table 1, significant increases in whole blood and blood plasma 
ascorbic acid were observed 15 and 30 minutes after placing the vitamin in 
the rumen. Whole blood ascorbic acid was increased over base levels for 
the first 4 post-injection hours, but blood plasma values dropped noticeably 
after 1.5 hours. 

Inspection of the data for individual steers reveals that in eleven of 
twelve trials both whole blood and blood plasma ascorbic acid were increased ; 
the maximum response occurred 15 minutes after injection in ten trials. In 
some trials increased levels were maintained for 4 hours after treatment, but 
variation in the dur: <ion of response and the tendency for repeated bleeding 
to lower blood ascorbic acid made average increases over base levels after 30 
minutes rather small. In table 2 the urine response is recorded for each 
steer and for both rumen steers. The steers with rumen fistulae showed ap- 
proximately the same increase in urinary elimination on the day of treat- 
ment as compared to the day before and the day after. The variance between 
days and between steers for the two rumen steers analyzed together was 
significant (P < 0.05), while the variance between trials x steers was non- 
significant. 
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TABLE 1 
Effects of administration of ascorbic acid into the digestive tract on 
blood ascorbic acid 
Ascorbic acid 
Administration No. of — 
of ascorbic sample of Whole blood | Blood plasma 
acid series - - 
Diff.» Diff.» 
(g.) (site) (mg.% ) (mg.% ) (mg.%) | (mg.%) 
0 Controle 8 —24 hr 0.418 0.270 
series 0 0.410 0.282 
15 min 0.395 —0.021 | 0.316 0.027 
30 min 0.391 -0.025 | 0.300 0.011 
| 1 hr. 0.352 —0.0644 0.269 — 0.020 
| 13 hr. 0.340 — 0.0764 | 0.250 -- 0.039 
2 hr. 0.386 -0.030 | 0.295 0.006 
3 hr. 0.395 -—0.021 | 0.294 0.005 
4 hr. 0.372 —0.044e | 0.200 — 0.0894 
6 hr. 0.446 0.030 | 0.356 0.067¢ 
8 hr. 0.445 0.029 | 0.301 ‘ 0.012 
24 hr 0.419 | 0.315 
16 Floor 12 ~24 hr 0.568 | 0.474 | 
ventral 0 0.603 aa | 0.492 ; 
rumen 15 min 0.698 | 0.1104 | 0.598 | 0.1134 
sac ~ 30) min 0.667 | 0.0794 | 0.548 | 0.063¢ 
1 hr. 0.634 | 0.046 | 0517 | 0.032 
14 hr. 0.625 | 0.037 | 0.528 0.043 
by. 0.638 | 0.050 0.467 0.018 
3 hr. 0.614 | 0.026 0.503 0.018 
4 hr. 0.639 0.051e 0.478 — 0.007 
6 hr 0.587 — 0.001 0.469 - 0.016 
24 In 0.592 0.488 
+ Ceeum 10 —24 hr. 0.455 
0 0.519 0.389 
15 min 0.624 0.1334 0.527 | 0.1474 
30 min 0.561 0.070 0.479 | 0.0994 
1 hr. 0.587 0.096¢ 0.447 | 0.067e 
14 hr. 0.555 0.064 0.439 | 0.059 
2 ir 9.570 0.079 0.431 0.051 
3 her. 0.556 0.065 0.459 | 0.079¢ 
4 hr. 0.528 0.037 0.426 0.046 
6 hr. 0.508 0.017 0.390 | 0.010 
24 hr 0.498 0.381 = | 
4 Colon 10 —24 hr. 0.457 0.362 | 
0 0.525 0.410 
15 min. 0.596 0.1044 0.491 | 0.1154 
30 min 0.548 0.056 0.449 | 0.039 
1 hr. 0.575 0.083¢ 0.446 | 0.036 
14 hr. 0.591 0.099¢e 0.478 | 0.068 
2 he. 0.601 0.1094 0.449 | 0.039 
3 hr. 0.536 0.044 0.439 0.029 
4 hr. 0.500 0.008 0.340 | -0.036 
6 hr. 0.481 - 0.011 0.370 — 0.006 
24 hr. 0.494 0.356 | 
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TABLE 1 (Continued) 


Ascorbie acid 
Administration | No. of 
of ascorbic sample = Whole blood Blood plasma 
acid series 8 —— 
Diff.» Diff.b 
(g-) (site) (mg.%) | (mg.%) | (mg.%) | (mg.%) 
Sum- Rumen, 32 —24 hr. 
mary cecum, 0 0.552 
colon 15 min. 0.643 0.1164 0.540 0.1224 
30 min. 0.597 0.0704 0.495 0.0774 
be, 0.601 0.0744 0.473 0.0554 
14 hr. 0.591 0.0644 0.485 0.0674 
2 hr. 0.605 0.0784 0.450 0.032¢ 
3 hr. 0.571 0.044¢ 0.469 0.0494 
4 hr. 0.561 0.034 0.419 9.001 
6 hr. 0.529 0.002 0.413 — 0.005 
4 Small ‘8 —24 hr. 0.176 
intestine 0 0.226 
(jejunum) 15 min. 0.442 0.115¢ 0.355 0.1504 
30 min. 0.525 0.1984 | . 0.388 0.1834 
1 he. 0.426 0.099¢ 0.360 0.1554 
14 hr. 0.366 0.039 0.276 0.071 
2 hr. 0.372 0.045 0.290 0.085 
3 hr. 0.415 0.088¢ 0.288 0.083 
4 hr. 0.356 0.029 0.269 0.064 
6 hr. 0.389 0.062 0.309 0.104 


a F-ratios between intervals were highly significant for each type of experiment re- 
ported below. 

> Interval means compared to mean of — 24, 0, and 24 hr. 

¢ Distilled water injected into rumen, cecum and colon—4 steers, 2 trials each. 

4 Highly significant mean difference. 

e Significant mean difference. 


TABLE 2 


Effects of administration of ascorbic acid into the digestive tract 
on urinary ascorbic acid f 


Av. daily excretion of ascorbic acid 
Administration of 
ascorbie acid A von 
each period Day of 
P Day before treatment |, Day after 
(9-) (site) (mg.) (mg.) (mg.) 
0 Control 8 34.3 40.9 36.5 i 
16 Rumen—1 6 90.6 123.5 75.1 
16 Rumen—2 6 58.8 89.0 56.8 
Rumen summary 12 74.7 106.3 65.9 
4 Cecum 10 46.0 47.4 42.4 
4 Colon 10 65.8 72.0 57.6 
Rumen, cecum, and 
colon summary?,> 32 63.0 77.2 56.0 


a Least significant mean difference between days is + 9.6 mg. of ascorbic acid; + 12.8 
mg. required for a highly significant mean difference. 
> Variance between days, between trials, and between steers was highly significant. 
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Cecum. Ten trials were made on one steer following the same general 
procedure previously described. Four grams of ascorbic acid in 25 c.c. of 
distilled water were administered into the cecum with a stomach tube. The 
average Maximum increase in blood ascorbic acid occurred 15 minutes after 
treatment (table 1); both whole blood and plasma showed substantial in- 
creases for the first 3 hours, with a gradual decline to base levels thereafter. 
In some trials the maximum response occurred as late as 3 hours. Variation 
in the exact site of administration probably is responsible for the variation 
in time of maximum increase. Urinary excretion of ascorbic acid (table 2) 
was not significantly increased during the 24-hour period after administra- 
tion of ascorbic acid, and the between-trial variance was not significant. 

Colon. Four grams of ascorbic acid were administered in 25 c.c. of dis- 
tilled water during each of ten trials on one steer. One-half of the ascorbic 
acid solution was injected approximately 18 inches anterior to the fistula 
and the remainder approximately 14 inches from the opening. As shown 
in table 1, maximum response in blood ascorbic acid again occurred within 
15 minutes after the administration of the vitamin. Whole blood ascorbic 
acid levels were significantly higher for the first 2 hours, while blood plasma 
values dropped noticeably after 15 minutes but remained above base levels 
for the first 3 hours. Positive responses occurred in eleven of twelve trials 
for whole blood and in ten of twelve trials for blood plasma. The maximum 
response was delayed in three trials but occurred within the first 2 hours in 
every case where responses were noted. As shown in table 2, a slight in- 
crease in urinary excretion of ascorbic acid was observed for the day of 
treatment, but the variance between days and between trials was non-sig- 
nificant. 

Rumen, cecum, and colon summary. Since administration of ascorbic 
acid into various levels of the digestive tract revealed approximately the 
same type of response in blood ascorbic acid, these data were analyzed collec- 
tively to increase the total number of replications to 32. The results, as 
shown in table 1, indicate that increases in blood ascorbic acid could not be 
detected 4 hours after administration of the vitamin. The observed effects 
may have been due to the level of ascorbic acid dosage. While four times 
more ascorbic acid was used in the rumen studies, the amount appearing in 
the blood at any one time was no greater than when 4 g. were used in the 
cecum and colon studies. This does not necessarily indicate there was only 
one-fourth the absorption, since significant increases were observed in 
urinary elimination of ascorbic acid in the case of the rumen studies, while 
only slight increases were observed in the colon and cecum studies. A 
second point to consider is the base level of ascorbic acid in whole blood and 
blood plasma. The base levels of the four animals throughout these studies 
frequently were higher than one normally would expect, thus making it less 
likely that more ascorbic acid would be detected in venous blood over a very 
long period of time after ascorbic acid was administered. 
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The urinary excretion of ascorbie acid also was analyzed collectively 
(table 2). The increased number of replications used in’ the analysis of 
variance reveals that highly significant differences occurred between days, 
between steers, and between trials x steers. 

Small intestine. Eight trials were made on a steer with a fistula in the 
jejunal area of the small intestine. The same bleeding routine was prac- 
ticed, but no urine specimens could be collected because of leakage from the 
intestine, which frequently ran down the sheath. Four grams of ascorbic 
acid in 25 ¢.c. of distilled water were administered with a stomach tube 
approximately 24 inches into the intestine. - A catheter was fitted with a 
rubber thumb stall and the fistula opening closed immediately after the 
ascorbie acid was injected: This device was left in place for the first 90 
minutes. This steer later died from intussusception of the intestine at the 
site of the fistula. 

As shown in table 1, maximum response in blood ascorbic acid occurred 
30 minutes after administration and persisted at a high level for the first 
hour. This steer showed a much lower base level of ascorbic acid than the 
other steers in these experiments. This may account for the 15-minute 
delay in average maximum response as compared to the other steers. In 
only two trials out of eight was the maximum blood response noted at 15 
minutes, but the other six maxima occurred within the first 90 minutes. 
The degree of response also was quite variable. In two trials the blood 
levels were more than doubled while in two others the response hardly was 
detectable. 

Further rumen absorption studies. Since adding ascorbic acid directly 
onto the rumen floor gave positive evidence of absorption, it seemed desir- 
able to administer ascorbic acid into the intact rumen. The two steers with 
fistulae in the cecum and colon were used for this study. Sixteen grams of 


ascorbic acid in 100 ¢.ec. of distilled water were administered for 3 succes- 


sive days by stomach tube. Blood samples were drawn at 0, 15, and 30 
minutes, and at 1, 2, 4, 5, and 24 hours for each trial, and urine samples 
were collected. The average whole blood and blood plasma ascorbic acid 
values were not significantly increased (fig. 1) over the base levels (average 
of 0 and 24 hours used as the base level). A definite positive response did 
occur in three of the six trials, but this response did not occur regularly 
at any one time interval. The steers eliminated on the average 82.2 mg. of 
ascorbic acid the day before and the day after treatment and 110.4 mg. daily 
during treatment. The magnitude of the increase was essentially the same 
as in previous trials with rumen fistulae. The variance between days was 
significant with the first day of treatment, showing increased urine excre- 
tion considerably above the day before, and 1 and 2 days after treatment. 
However, the number of trials is too small to say positively that this 
observed difference was real. Sixteen grams of ascorbic acid would be 
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diluted considerably by the rumen contents and it would be difficult to 
select a bleeding interval that would show if and when maximum absorp- 
tion occurred. 

The administration of 16 g. of ascorbic acid 6 inches into the reticulo- 
omasal-abomasal orifice also was performed in four trials on the two steers 


INTACT RUMEN 


% ASCORBIC ACID 


RUMEN WALL 
-70F TREATMENT PERIOD = 


MILLIGRAMS 


WHOLE BLOOD 


Fig. 1. The effect of administering ascorbic acid in various regions of the rumen 
on blood ascorbic acid. 


BLOOD PLASMA---- 


with rumen fistulae. Base levels for blood and urine were established and 
the vitamin given on 2 successive days. The reticulo-omasal-abomasal 
orifice was located manually and a stomach tube inserted until air blown 
through it could not be felt bubbling back. Cold ascorbie acid solution 
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TABLE 3 


Effects of administration of ascorbic acid directly into the 
reticulo-omasal-abomasal orifice 


Urinary ascorbic acid 
Steer 2 days 1 day 1st day 2nd day Day 
before before treatment treatment after 
(mg.) (mg.) (mg.) (mg.) (mg.) 
Rumen—1 ... 126.4 156.4 311.0 589.9 183.4 
Rumen—2 ..................... 96.0 23.7 214.2 209.5 - 137.9 
111.2 ‘90.0 262.6 399.7 160.6 


then was passed through the tube. In none of the trials could the solution 
be felt oozing back into the rumen at the time of administration. The 
results (fig. 1) reveal that definite absorption occurred from this area. 
Whole blood ascorbie acid values reached a maximum in the first 30 min- 
utes, while blood plasma values were highest at 15 minutes but remained 
at a high level through 30 minutes. These mean differences were highly 
significant. All of the trials showed a marked increase at either 15 or 30 
minutes after administration for both whole blood and blood plasma ascorbic 
acid. Urinary elimination of ascorbic acid, as shown in table 3, was more 
than doubled the first day of treatment and tripled the second day. The 
response still was observable on the day following treatment. 

Since placing ascorbic acid in an area where it by-passed the rumen 
gave such a marked positive response of absorption, it seemed highly desir- 
able to see if ascorbic acid is absorbed when held in direct contact with the 
rumen wall. A petri dish was fitted with a piece of cellulose sponge to 
serve as the receptacle for ascorbic acid solution. This petri dish and 
sponge held 80 c.c. of solution and could be held in an upright position 
without loss of liquid. Six grams of ascorbic acid in 0.5 per cent sodium 
chloride solution were used for each of 24 trials on two steers. The pro- 
cedure was to draw a blood sample, hold the solution against the upper 
ventral rumen wall for 15 minutes, and draw a second blood sample. ‘This 


TABLE 4 
Holding ascorbic acid solution against the upper ventral rumen wall 
Urinary elimination of ascorbic acid 

Steer i day Ist day , 2nd day Day 

before treatment treatment after 

(mg.) (mg.) (mg.) (mg.) 

Rumen—1 120.4 143.1 115.7 36.4 
Rumen—2 137.9 132.8 71.3 
Rumen—2 o.oo 90.5 82.7 42.6 27.4 
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procedure was repeated each hour on each steer for a total of 4 hours on 3 
different days. The results, as shown in figure 1, reveal that ascorbic acid 
increased in both whole blood and plasma after 15 minutes. These differ- 
ences were highly significant after 3.25 hours as compared to base levels 
(mean of — 24, 0, and 24 hours compared to other means). Urinary elimi- 
nation, as shown in table 4, was not changed significantly. 

Subcutaneous administration. For comparative purposes ascorbic acid 
was administered subcutaneously to the same four steers on which urine 
data from previous trials were available. Two grams of ascorbic acid were 
injected in the foreflank region of each steer and blood samples were drawn 
at 1, 2, 3, 4, 6, 8, and 24 hours post-injection. A total of eight trials were 
run. As shown in figure 2, peak levels of ascorbic acid in blood were reached 
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Fie. 2. The effect of subcutaneous ascorbic acid administration on blood ascorbic 
acid. 


within 3 hours after subcutaneous administration and returned to pre-treat- 
ment levels within 24 hours. However, all time interval means from 1 to 8 
hours after administration were significantly higher than the base levels 
(mean of — 24, 0, and 24 hours afterwards). It should be noted that blood 
plasma ascorbic acid was higher than whole blood at the fourth hour, with 
the two being essentially the same at the third hour. Data on individual 
trials show that maximum blood ascorbic acid values occurred consistently 
between 3 and 6 hours after administration and blood plasma values were 
higher than whole blood in six of the eight trials at the fourth hour. 

The amount of subeutaneously administered ascorbic acid recovered in 
the urine was surprisingly small. As shown in table 5, urinary excretion 
of ascorbi¢ acid increased nearly six-fold but only 9.3 per cent of the admin- 
istered vitamin was recovered as such in the urine. The range of recovery 
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TABLE 5 
Ascorbic acid recovered in the urine following subcutaneous administration 


Urinary ascorbic acid 

tos No. of Recovered 
samples | 2 days | 1 day Day of lday | 2days | in urine 

before | before | treatment | after after 


(mg.) | (mg.) (mg.) (mg.) | (mg.) 
89.4 74.2 322.4 59.8 77.9 
34.7 29.2 183.2 70.2 86.2 
40.8 36.4 191.3 42.0 56.0 
32.8 23.4 131.2 58.2 | 33.8 


49.4 | 40.8 232.0 58.8 | 63.5 


® Mean of day of treatment—mean of 1 and 2 days before/2000 x 100; 2 g. of ascorbic 
avid were administered subcutaneously. 
of ascorbic acid in individual trials varied from 1.5 to 32.5 per cent; both 
the highest and lowest recovery were observed on the same steer (colon). 

Intravenous administration of ascorbic acid. To study speed of re- 
moval of ascorbic acid from the blood stream, 2 g. of ascorbic acid were 
given intravenously during eight trials on four steers. Blood samples were 
drawn 24 hours before, at 0, 1, 2, 4, 8, 16, 32, 60, and 90 minutes, and at 
2, 3, 4, and 24 hours after intravenous administration of ascorbic acid. 
Urine samples were taken the day before and at 4, 12, 24, and 48 hours after 
treatment. The results are shown in tables 6 and 7. Intravenously admin- 
istered ascorbic acid largely disappeared from the blood stream within 30 
minutes, with small quantities being demonstrated in the blood for 4 hours. 


TABLE 6 
Rate of removal of intravenously administered ascorbic acid 


Av. ascorbic acid 


No. of : 
Time of 
— bleeding Whole blood Blood plasma 


(mg.%) (mg.%) 
0.426 0.234 
9.485 0.372 
5.05 6.11 
3.94 4.60 
2.86 3.42 
2.20 2.40 
1.22 1.54 
0.749 ‘ 0.782 
0.538 d 0.529 
0.516 ; 0.460 
0.532 . 0.478 
0.546 J 0.452 
0.516 . 0.469 
0.440 0.251 


® Mean of — 24, 0, and 24 hr. after. 
> Not significantly different from base level. 
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(%) 
2 12.0 
2 7.6 
Rumen—1 .............. 2 6.0 
Rumen—2 ............... 2 §.2 
1 
(mg.%) 
8 — 24 hr. 
0 
1 min. 5.82 
* 2 min. 4.31 
4 min. 3.13 
8 min. 2.11 : 
16 min. 1.25 
32 min. . 0.496 
60 min. 0.243 
90 min. 0.174 
2 hr. 0.192 
3 hr. 0.166 
4 0.183 
24 hr. 
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Blood plasma ascorbic acid was considerably higher than whole blood 
ascorbie acid for the first 16 minutes and remained very near whole blood 
for the first hour. As shown in table 7, only 12.2 per cent of the ascorbic 
acid was recovered in the urine. The range of recovery in individual trials 
was 7.0 to 18.3 per cent. During the day of treatment 53 per cent of the 
ascorbic acid was eliminated in 4 hours, 33 per cent in the next 8 hours, and 
14 per cent in the next 12 hours. This latter figure does not represent much 
more ascorbie acid than would have been eliminated in 12 hours if no 
ascorbic acid had been given. 

Digestwe tract administration of chlorobutanol. Base ascorbic acid 
levels on the four animals used in the intravenous study were established. 
Five grams of chlorobutanol then were given daily to each steer for 15 days. 


TABLE 7 
Ascorbic acid recovery in the urine following intravenous administration 


Av. ascorbic acid in urine 
No. of Day of treatment 
Steer samples Day pe Day Recov- 
before after 1st Next Next 
4 hr. 8 hr. 12 hr. 
(mg.) | (mg.) | (mg.) | (%) | (mg.) | (mg.) | (mg.) 
2 61.8 317.4 86.6 12.8 130.6 110.8 75.9 
ne 2 86.5 271.5 40.2 9.2 195.2 59.6 16.6 
Rumen—1 2 73.0 389.7 53.4 15.8 190.2 136.6 63.0 
Rumen—2 ........ 2 27.4 251.8 30.2 11.2 131.1 100.0 20.8 
62.2 307.6 52.6 12.2 161.8 101.8 44.1 


a Day before used as base value for calculations. 


The chlorobutanol was placed directly in the rumen contents in crystalline 
form and was injected into the cecum and colon, dissolved in 10 e.c. of 95 
per cent ethyl aleohol. As shown in table 8, the ascorbie acid content of 
blood and urine was followed daily throughout the trial. On the third and 
fourth days, blood samples were taken at 0, 1, 2, 4, and 24 hours to deter- 
mine whether an immediate increase in blood ascorbic acid followed the 
administration of chlorobutanol. These results are shown in figure 3 and 
will be discussed later in this section. 

As shown in table 8, blood ascorbic acid was not consistently affected 
during chlorobutanol treatment, but both whole blood and blood plasma 
ascorbic acid decreased significantly during the 3-day period following 
chlorobutanol administration. Urinary ascorbic acid was tripled by the 
fourth day of chlorobutanol treatment. 

On the tenth and twelfth days (table 8) 16 g. of ascorbic acid were 
placed in the rumen and 4 g. in the colon and cecum; 2 g. of ascorbic acid 
were administered to each steer intravenously on the fourteenth day and 2 g. 
subcutaneously on the sixteenth day. These administrations were made 


° 


ABSORPTION AND ELIMINATION OF ASCORBIC ACID 661 


approximately 30 minutes after the daily dose of chlorobutanol. As shown 
in figure 3, the increases in blood ascorbic acid following the administration 
of ascorbic acid were not markedly affected by simultaneous chlorobutanol 
treatment. The maximum blood levels of ascorbic acid were observed 30 
minutes after ascorbic acid injection rather than at 15 minutes when chloro- 


TABLE 8 


Administering chlorobutanol and ascorbic acid directly into various 
levels of the digestive tract 


Av. ascorbie acid of four steers» 

Day bro Whole blood Blood plasma Urine on 
Diff.c Diff.c Difte | ey? 
(mg-%) | (mg.%) | (mg.%) | (mg.%) | (mg.%) | (mg.%) | (%) 
2 None 0.438 | 0.410 72.0 
3 Ch.e 0.435 — 0.029 0.265 —0.114f 98.2 17.2 erate 
Ch. 0.475 0.011 0.425 0.046 104.2 
5 Ch. 0.580 0.116 0.438 0.059 153.8 72.8 hioaes 
6 Ch. 0.482 0.018 0.322 — 0.057 217.2 a or 
7 Ch. 0.490 0.026 0.430 0.051 243.8 ia 
8 Ch. 0.558 0.094 0.390 — 0.011 180.6 99.6 soissiote 
9 Ch. 0.445 0.019 0.322 — 0.057 198.4 
10 Ch.h 0.488 0.024 0.355 — 0.024 284.1 203.16 0.9 
11 Ch. 0.503 0.039 0.372 0.007 180.0 
12 Ch.» 0.510 0.046 0.400 0.021 454.1 373.18 2.6 
13 Ch. 0.508 0.044 0.508 0.129¢ 142.6 a 
14 Ch.i 0.504 0.040 0.438 0.059 706.4 625.48 25.8 
15 Ch. 0.505 0.041 0.442 0.063 255.8 Ree Ga 
16 Ch.i 0.415 — 0.049 0.295 — 0.084 §21.2 440.26. 15.3 
17 Ch. 0.418 — 0.046 0.270 —0.109¢ 192.5 111.5 sedaiane 
18 None 0.288 | —0.176¢ 0.192 — 0.1878 140.0 
19 None 0.368 — 0.096 0.220 — 0.1598 104.8 a 
20 None 0.565 0.101¢ 0.315 — 0.064 206.1 
21 None 0.440 — 0.024 0.382 — 0.003 174.2 | = a 
22 None 0.588 0.124f 0.402 0.023 172.6 
23 None 0.525 0.061 0.410 0.031 107.7 a 


a Determinations made 24 hr. after each designated treatment. 

> Represents two rumen, one colon, and one cecum fistula. 

¢ Mean of days 1 and 2 used as base level. 

4 Mean of days 8 and 9 used as base level. 

e Chlorobutanol. 

‘ Significant mean difference—base levels compared to other means. 

& Highly significant mean difference—base levels compared to other means. 
h4 g. ascorbic acid administered into cecum and colon, 16 g. into rumen. 

i 2 g. ascorbic acid given intravenously. 

i 2 g. ascorbic acid given subcutaneously. 


butanol was not given; there was a tendency for the increased blood levels 
to be maintained longer. 

The details of urinary elimination are shown in tables 8 and 9. Whereas 
in the previous trials digestive tract administration of ascorbic acid did not 
definitely increase urinary elimination, in these trials elimination, on the 
average, was 100 mg. higher for the first trial and 225 mg. higher for the 
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second trial as compared with the day prior to treatment. The percentage 
of administered ascorbic acid recovered on the day of treatment was caleu- 
lated on the basis that urine excretion on the eighth and ninth days (table 8) 
was an acceptable base for ascorbic acid elimination in urine from steers 
receiving chlorobutanol. The amount recovered (stated in per cent of 
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Fie. 3. The effect of chlorobutanol on blood ascorbic acid following ascorbic acid 
administration. 


total administered) is shown by steers and by trials in table 9. The recov- 
ery from digestive tract administration still was quite low, since rather large 
quantities of ascorbic acid were given. The recovery following intravenous 
administration was 25.8 per cent as compared to 12.2 per cent when these 
same steers were not receiving chlorobutanol ; recovery following subcu- 
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TABLE 9 


Percentage of administered ascorbic acid recovered in the urine of 
steers receiving chlorobutanol 


Percentage of ascorbic acid recovered after 
administration by way of: 
Steer Digestive tract 
Intravenous? Subcutaneous? 
Trial 1 Trial 2 
(%) (%) (%) (%) 
3.6 17.6 42.2 19.2 
0.4 2.6 20.6 4.9 
Rumen—1 0.6 0.7 17.3 8.2 
0.8 0.9 23.2 29.0 
Sammery 0.9 2.6 25.8 15.3 


a4 g. of ascorbic acid placed in colon and cecum, 16 g. in rumens. 

b 2 g. of ascorbic acid administered. 
taneous administration also was 6 per cent higher than previously observed. 

The data from this series of trials indicate that chlorobutanol increased 
urinary elimination of ascorbic acid approximately the same in all steers, 
even though administration was made in three different parts of the diges- 
tive tract, namely, rumen, colon, and cecum. 

Subcutaneous administration of chlorobutanol. Base levels were estab- 
lished on the four steers used in the above studies. Three grams of chloro- 
butanol in 5 ¢.c. of 95 per cent ethyl alcohol then were injected subcu- 
taneously into each steer daily for 5 days. Blood samples were taken daily 
and 24-hour urine specimens were collected. The results are shown in 
table 10. Whole blood and blood plasma ascorbie acid decreased consid- 
erably during the first 3 days of treatment. However, whole blood values 


TABLE 10 
Effect of administering chlorobutanol subcutaneously 
Av. ascorbic acid of four steers 
ny | oe Whole blood Blood plasma Urine 
Diff.2 Diff. Diff.a 
(mg.%) | (mg.%) | (mg.%) | (mg.%) | (mg.%) | (mg.%) 

1 None |, 0.380 fuk... 

3 Ch.» 0.368 — 0.044 0.250 — 0.049 84.1 13 

; + Ch. 0.332 — 0.080¢ 0.160 — 0.1304 87.2 4.4 

5 Ch. 0.285 0.1274 0.225 0.074 99.5 16.7 
6 Ch. 0.432 0.020 0.262 — 0.037 182.8 100.04 
7 | Ch. 0.500 0.088¢ 0.265 — 0.034 165.0 82.24 


a Mean of days 1 and 2 used as base level. 

» Determination 24 hr. after treatment with chlorobutanol (Ch.). 

¢ Significant mean difference—base levels compared to other means. 

4 Highly significant mean difference—base levels compared to other means. 
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increased for the next 2 days, while blood plasma remained slightly lower 
than for the first 2 days, which were used as base levels for purposes of 
comparison. Urinary excretion was nearly doubled on the fourth day after 
treatment began and remained at a high level on the last day of the trial. 
Each steer responded equally well each of the 2 days. This trial was dis- 
continued as soon as a definite increase in urinary excretion was noted, since 
it was not thought desirable to give chlorobutanol in 95 per cent ethyl 
alcohol solution subeutaneously for a prolonged period. No indications of 
sloughing in the regions of administration were apparent several weeks 
afterwards. 

Blood ascorbic acid relationships. Blood cell ascorbic acid was ecalcu- 
lated for all blood samples using a blood cell volume-hemoglobin ratio deter- 
mined by the random selection of two blood samples from each of four steers. 
This ratio on 48 such samples averaged 2.145 + 0.035. Hemoglobin deter- 
minations were made on all samples. Correlation and regression coefficients 
were determined between whole blood and blood plasma ascorbic acid values 
for the various bleeding intervals and treatments reported in this study. 
The original data for these studies are reported elsewhere (4). Results 
indicate that cellular elements of the blood are permeable to ascorbie acid. 
This was particularly apparent following intravenous administration. 
However, in all these trials (tables 1 and 2, figs. 1 and 2), whole blood 
ascorbie acid tended to increase more slowly and decrease less rapidly than 
blood plasma ascorbic acid. Calculated blood cell ascorbic acid varied con- 
siderably and seemed to have a cyclic rate of change. For example, in the 
ease of intravenous administration, calculated blood cell ascorbic acid was 
quite high at 1, 2, and 4 minutes after treatment and then decreased in the 
next 12 minutes to considerably below base levels, slowly recovering there- 
after. The magnitude of this phenomenon was not so pronounced in the 
other types of administration. The blood cell ascorbic acid content for 
these steers usually varied from approximately 0.7 to 1.0 mg. per cent 
during non-treatment periods but consistently showed values above and 
below during experimental periods. This indicates that the ascorbic acid 
balance between plasma and cells was upset and that some compensatory 
action was taking place. 

Interval of bleeding on the hemoglobin content of blood. Hemoglobin 
values were observed to decrease rather uniformly during periods when 
blood samples were drawn frequently. Some of these data were sum- 
marized for the various treaments and various bleeding intervals. The 
results, as shown in table 11, reveal that hemoglobin was reduced signifi- 
cantly during the periods of rapid bleeding used in the control, digestive 
tract (rumen, colon, and cecum summary), small intestine, and intravenous 
studies. This drop in hemoglobin also has been observed recently in sheep 
by Thomson et al. (29). The F-ratio between bleeding intervals was highly 
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significant. The bleeding intervals used during the subcutaneous studies 
did not show any apparent influence on the hemoglobin content of blood, 


TABLE 11 
Effect of bizeding intervai on average hemoglobin in the blood of steers 
Bleeding | No- of | Av.Hb. | Diffs | Bleeding No.of | Av.Hb. | Diff 
interval sais (gm.%) | (gm.%) interval pi (gm.%) | (gm.%) 
Control studies Subcutaneous studies 
-24hr. | 8 — 24 hr 8 
15 min. | 12.96 — 0.75 1 hr 13.02 - 0.27 
30 min. | 12.33 — 1.38> 2 hr. 13.53 0.24 
60 min. | - 12.78 — 0.93¢ 3 hr. 13.42 0.13 
90 min. 12.15 — 1.56> 4 hr. 13.22 - 0.07 
2 hr. 11.88 — 1.835 6 hr. 13.46 0.17 
3 hr. | 13.19 — 0.52 8 hr. 12.91 — 0.38 
4 hr. 14.42 0.71 24 hr. 13.46 ae 
6 hr. 13.42 — 0.29 
8 hr. 13.60 -0.11 Intravenous studies 
24 hr. 14.01 
—-24hr. | 8 13.34 
Digestive tract studies4 0 
1 min. 13.70 0.27 
— 24 hr 32 2 min. 13.94 0.51 
0 13.60 nS 4 min. 14.04 0.61 
15 min. | 13.58 0.41 8 min. | | 13.76 0.33 
30 min. | 13.00 -0.17 16 min. | 12.57 — 0.86 
60 min. | 12.75 — 0.42 32 min. | | 13.48 0.05 
90 min. | | 12.74 — 0.43 ‘60 min. | | 13.15 — 0.28 
2 hr. | 12.30 | -0.87> | 90 min. | | 13.03 | -0.40 
3 hr. | 12.76 -0.41 i. | 12.32 -1.11e 
4 hr | 13.25 0.08 12.29 —1.15¢ 
6 hr. | 12.61 | -0.56¢ 4 hr. 11.16 | —2.27» 
24 hr | 24 hr. 
Small intestine studies 
| 8 | 1084 | 
0 
15 min. 9.67 — 1.36> 
30 min. 10.43 0.60 
60 min. 9.80 — 1.23» 
90 min. 8.99 — 2.04» 
2 hr. 9.28 — 1.75» 
3 hr. 9.86 1.17» 
4 hr. 9.70 — 1.33> 
6 hr. 9.93 1.100 


a Mean of — 24, 0, and 24 hr. used as base level. 

> Highly significant mean difference. 

¢ Significant mean difference. 

4 Four steer summary includes rumen 1 and 2, colon, and cecum. 


the F-ratio being only 0.34. Since feeding and watering were done at the 
same relative time in all the studies, variation due to these factors should have 
been apparent in the subcutaneous trials. Furthermore, the steers drank 
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very little water after the morning feeding; maximum water intake in- 
variably took place after the evening feeding. 


DISCUSSION 


Absorption of ascorbic acid from the digestive tract. Riddell et al. (22) 
ehanged three dairy cows abruptly from a winter ration to one consisting 
of 65 kg. of green rye daily. They observed that ascorbic acid in blood 
plasma was more than doubled during the first 12 hours and that urine 
output increased five times within 60 hours. Later, Knight et al. (10) and 
Vavich et al. (32) fed or administered up to 150 g. of ascorbic acid to Hol- 
stein cows without observing any increases in blood plasma ascorbic acid in 
samples taken 1.5 hours after administering the vitamin. Vavich et al. (32) 
also fed dehydrated cereal grasses to one cow without influencing blood 
plasma ascorbic acid. Lundquist and Phillips (13) observed that ascorbic 
acid administered per os to calves would raise blood plasma levels for the 
first 10-12 days of life but was ineffective thereafter. 

In this study a total of 76 trials were conducted on five steers. The 
administration of 16 g. of ascorbic acid into the ventral rumen sac signifi- 
cantly increased whole blood and blood plasma ascorbic acid within 15 min- 
utes. Slight increases were noted for the first 4 hours, but these mean 
differences were not statistically significant. The administration of 4 g. 
of ascorbic acid into the cecum and colon also produced significant increases 
in blood asecorbie acid during the first 2 hours following treatment. The 
maximum values, however, generally were observed within the first 15 min- 
utes. When the 32 trials (representing 12 rumen, 10 cecum, and 10 colon) 
were summarized, significant mean differences in whole blood and blood 
plasma ascorbic acid were observed at 15, 30, 60, and 90 minutes, and at 
2 and 3 hours after administration of ascorbic acid. When 50 c.c. of dis- 
tilled water were administered to these steers (8 trials) and the same bleed- 
ing routine followed, whole blood ascorbic acid was significantly decreased 
after 1, 1.5, and 4 hours, while blood plasma ascorbic acid was significantly 
lowered at 4 hours. Average urine elimination of ascorbic acid was signifi- 
eantly higher during the 24-hour period following treatment when 16 g. 
of ascorbic acid were placed in the rumen, but little or no increase was 
observed from placing 4 g. of the vitamin in the colon or cecum. 

The administration of 4 g. of ascorbic acid into the small intestine also 
significantly increased ascorbic acid in whole blood and blood plasma for 
the first hour after treatment, with the maximum increase coming at 30 
minutes. 

The deposition of 16 g. of ascorbic acid in the reticulo-omasal-abomasal 
orifice also significantly increased ascorbic acid in whole blood and blood 
plasma and more than tripled urine elimination of ascorbic acid. Holding 
ascorbic acid against the rumen wall significantly increased whole blood and 
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‘blood plasma ascorbic acid. Administration of 16 g. of ascorbic acid by 
stomach tube increased blood ascorbic acid in three out of six trials, but 
these increases were not significant. Likewise, urinary elimination was 
not noticeably increased by this treatment. 

Though results in these studies are not in agreement with Knight et al. 
(10) and Vavich et al. (32), a direct comparison cannot be made. Maxi- 
mum absorption of ascorbic acid in this study was observed within 15 min- 
utes after treatment, whereas, Knight et al. (10) and Vavich et al. (32) 
apparently did not take blood samples prior to 1.5 hours after feeding or 
placing ascorbic acid in the rumen. The time lag between administration 
and bleeding could explain the failure to observe increased blood plasma 
ascorbic acid. However, these authors did observe slight increases in urine 
elimination of ascorbic acid following treatment. 

Daily administration of 5 g. of chlorobutanol for 15 days into the rumen, 
colon, and cecum tripled the urinary output of ascorbie acid by the fifth 
day. This increase essentially was the same as that observed in dairy cattle 
by Moore and Cotter (17) and Moore (16), and in rats by Longenecker 
et al. (12) and Sutton et al. (28). The ascorbic acid content of whole blood 
and blood plasma was not increased. This may have been due to the short 
administration period, since Scheidenhelm et al. (26), Bortree et al. (2, 3), 
Lundquist and Phillips (14, 15), Moore and Cotter (17), and Moore (16) 
frequently observed animals that required chlorobutanol administration for 
more than 15 days before blood plasma ascorbic acid was raised. A pro- 
nounced drop in blood ascorbic acid occurred for several days immediately 
following the cessation of chlorobutanol treatment. This also was observed 
by the previous workers, but their observed decrease was not so rapid and 
recovery was much slower. 

Ascorbic acid, when administered subcutaneously, intravenously, or 

‘into the respective fistulae of these chlorobutanol-conditioned steers, re- 
sulted in a marked increase in the per cent of administered ascorbic acid 
recovered as compared to recovery from the same steers when not receiving 
chlorobutanol. Ascorbic acid in the urine increased, on the average, 100 
to 200 mg. when ascorbic acid was placed in the digestive tract following 
chlorobutanol treatment “as compared to much smaller increases when the 
steers were not receiving chlorobutanol. Intravenous recovery of ascorbic 
acid was increased from 12.2 to 25.8 per cent and subcutaneous recovery 
from 9.3 to 15.3 per cent by chlorobutanol treatment. The quantities of 
ascorbic acid found in venous blood did not seem to be appreciably greater. 
However, peak values generally were observed at 30 instead of 15 minutes. 
Knight et al. (10) gave 24 g. of ascorbic acid to cows subcutaneously and 
intravenously for 3 successive days. They recovered about 25 per cent of 
the ascorbic acid in the case of intravenous administration and slightly less 
in subcutaneous administration, according to our calculations from their 
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original data. In the present study only 2 g. of ascorbic acid were used © 
and for only 1 day. The magnitude of recovery was less in this case except 
when administration was made to chlorobutanol-conditioned animals. The 
low rate of recovery of ascorbic acid in urine, even when the vitamin was 
placed directly in the blood stream at the rate of 24 g. per day for 3 suc- 
cessive days (10) suggests that the bovine does not readily eliminate ascorbic 
acid in the urine. Several possibilities exist: the vitamin could be elimi- 
nated in feces, it could be absorbed by other body tissues, or it could be used 
as a metabolite. Feces studies (4) do not suggest that any appreciable fecal 
elimination takes place. Ascorbic acid also could be oxidized to the diketo- 
gulonic acid or other non-reversible oxidative forms and thus not be detected 
by the methods of analysis used. The extensive studies of Borsook et al. 
(1) show quite clearly that ascorbic acid is quite stable in blood and tissues 
and that dehydroascorbiec acid is reduced rapidly in mineed tissues. This 
reducing substance further was shown to be glutathione. This does not 
rule out the possibility that, when excessive amounts of ascorbie acid sud- 
denly are placed in the blood stream, the non-reversible oxidative forms 
would not be produced. It seems more than probable, however, that the 
animal body can use excess quantities of ascorbic acid as a metabolite. It 
would be difficult to determine how much ascorbic acid was absorbed from 
digestive tract administration. The mechanism by which chlorobutanol 
causes increased ascorbic acid elimination in urine and raises blood levels 
is unknown. Whether the fact that recovery of administered ascorbic acid 
is markedly increased in steers receiving chlorobutanol adds anything to 
the problem is difficult to say. If the theory is accepted that body synthesis 
is increased, then increased urinary elimination of administered ascorbic 
acid could be explained by the fact that the body has less use for the extra 
ascorbic acid, which then would be eliminated. On the other hand, chloro- 
butanol may merely decrease the ability of the organism to utilize the vita- 
min and in this manner cause increased ascorbic acid elimination. Feng 
(6) reported that feeding chlorobutanol to rats increased the ascorbic acid 
eontent of adrenals, kidneys, intestine and liver over the controls. This 
would suggest that ascorbic acid is not driven out of the tissues. The obser- 
vations by Moore and Cotter (17) that pregnant heifers on a low carotene 
ration excreted more ascorbic acid in the urine than pregnant heifers fed 
normally and that such heifers did not show any further increase when fed 
chlorobutanol also are of speculative interest. 

When the digestive tract is by-passed by administering chlorobutanol 
subeutaneously, urinary elimination of ascorbic acid is increased as rapidly 
as when the drug was placed in the digestive tract. No apparent changes 
occurred in blood ascorbic acid during the 5-day treatment period. 

The rate of removal of ascorbic acid from the blood stream. Bleeding 
steers 10 times in a single 8-hour period significantly reduced the ascorbic 
acid content of whole blood and blood plasma ascorbic acid. Increases in 
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blood ascorbic acid resulting from administering the vitamin directly into 
the digestive tract were frequently noted at 15 and 30 minutes after treat- 
mént but not at 60 minutes or at any time thereafter. Subcuaneous admin- 
istration of 2 g. of ascorbic acid was followed by maximum blood levels in 
3 to 6 hours, with return to base levels at 24 hours. When 2 g. of ascorbic 
acid were given intravenously, approximately one-half was removed from 
venous blood in 4 minutes and half of the remainder in the next 12 minutes, 
and this again was reduced by half at the end of 32 minutes. While some- 
what higher levels of blood ascorbic acid were observed 4 hours after admin- 
istration as compared to the base period, these values had returned to base 
levels after 24 hours. 

Blood cell and blood plasma ascorbic acid relationships. Borsook et al. 
(1) studied permeability of red blood cells by adding ascorbic acid to 
oxalated whole blood and incubating for 1 hour at 37.5° C. They concluded 
that the red corpuscles of beef cattle, cats, dogs, humans, pigs, rats and 
sheep are nearly, if not absolutely, impermeable to added ascorbic acid. . 
There were some slight indications, however, that the red corpuscles of pigs 
and sheep had some permeability. 

Results in this study indicate that the cellular elements of the blood do 
absorb some ascorbie acid: This was particularly apparent during the 
first 4 minutes following intravenous administration. It also was noted 
during subeutaneous and digestive tract administration. However, in all 
these trials, whole blood ascorbic acid tended to increase more slowly and 
decrease less rapidly than blood plasma ascorbic acid. Calculated blood cell 
ascorbic acid varied considerably and seemed to have a cyclic rate of change. 
For example, in the case of intravenous administration, calculated blood. cell 
ascorbic acid was quite high at 1, 2, and 4 minutes after treatment and then’ 
decreased in the next 12 minutes to considerably below base levels, and then 
recovered slowly thereafter. 

SUMMARY 

1. The ascorbic acid content of whole blood and blood plasma was signifi- 
cantly increased within 15 minutes after placing ascorbic acid into the 
rumen, reticulo-omasal-abomasal orifice, small intestine, cecum, and colon. 
These increases persisted for only 2-3 hours. 

2. Holding ascorbic acid solution against the rumen wall significantly 
increased the ascorbic acid content of whole blood and blood plasma. 

3. Very little ascorbic acid was recovered in the urine following diges- 
tive tract administration, and only 9.2 and 12.3 per cent, respectively, were 
recovered following subcutaneous and intravenous administration. The 
recovery of ascorbic acid was greatly increased when these types of admin- 
istration were made to steers receiving chlorobutanol. 

4. The administration of chlorobutanol into the rumen, colon, and 
cecum at the rate of 5 g. daily for 15 days or subcutaneous administration at 
the rate of 3 g. daily for 5 days significantly increased urinary elimination 
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of ascorbic acid the fourth day after the start of treatment. Blood ascorbic 
acid was not increased by either method of chlorobutanol administration. 

5. Caleulations made to determine the ascorbic acid content of blood 
cells indicated that the vitamin passed freely between blood cells and blood 
plasma, although in the case of subeutaneous or intravenous administration 
blood plasma values were at times considerably higher than for whole blood. 

6. The hemoglobin content of blood was significantly decreased by bleed- 
ing cattle at frequent intervals. 


The authors wish to thank Merck & Co., Rahway, New Jersey, for gen- 
erously supplying the ascorbic acid used in this study. 
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THE PHARMACODYNAMICS OF ASCORBIC ACID IN CATTLE. 
II. IN VIVO AND IN VITRO LOSS? ? 


R. E. ERB,3 F. N. ANDREWS, anv R. E. NICHOLS 
Purdue University Agricultural Experiment Station, Lafayette, Indiana 


Investigations by Whitnah and Riddell (13), Knight et al. (6),:and 
Vavich et al. (11) have shown that ascorbie acid rapidly is lost in the rumen 
contents of cattle both in vivo and in vitro. Kendall and Chinn (4) were 
unable to show in vitro decomposition of ascorbic acid in filtered rumen 
juice obtained from freshly slaughtered cows. Knight et al. (6) found that 
ascorbic acid rapidly disappeared from the rumen contents of a cow (in 
vivo) after she was fed as much as 150 g. of crystalline ascorbic acid. Studies 
of rumen juice incubated at 39-42° C. revealed that loss of added ascorbic 
acid was rapid but not as rapid as in vivo. This was attributed to lack of 
continuous mixing in vitro compared to continuous mixing in vivo. 

Vavich et al. (11) found that ascorbic acid was destroyed quite slowly in 
sterilized rumen contents. When dehydrated cereal grasses were fed as 
a source of ascorbic acid, the vitamin could be demonstrated in the rumen 
more than 8 hours after feeding, but the highest concentration occurred 2 to 
4 hours after feeding. Orally administered crystalline ascorbic acid could 
be recovered for approximately 2 hours. These authors also removed all 
rumen contents, flushed the rumen with warm water, and again emptied it. 
The cow then was fed a low ascorbic acid ration. Jn vivo and in vitro studies 
of this material showed little loss of ascorbic acid, but when 2 gallons of the 
fermenting rumen contents were returned to the rumen, definite loss of added 
ascorbic acid occurred. Young and James (14) and Young and Rettger 
(15) have reported that human fecal cultures and isolated cultures of 
Escherichia coli and Aerobacter aerogenes decomposed ascorbie acid under 
both aerobic and anaerobic conditions. Organisms of the Alcaligenes and 
Proteus groups did not attack ascorbic acid and protected it from atmos- 
pheric oxidations but not from bacteria decomposing ascorbic acid. Glucose 
and lactose ‘‘spared’’ ascorbic acid from oxidation by fecal bacteria. Ascor- 
bic acid-decomposing bacteria which produced gas from ordinary carbohy- 
drates also produced gas when attacking ascorbic acid. Stepp and Schroder 
(10) also have reported on a strain of Escherichia coli that decomposed 
ascorbic acid. 
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The pH in various parts of the digestive tract is quite variable. Dukes 
(1) reports that most rumen studies of cattle show a range of pH 6.0 to 7.8. 
Kick et al. (5), working with steers, reported that their determinations 
varied with rations fed, ranging from pH 5.5 to 7.7, with the most alkaline 
reaction being on material from animals fed alfalfa alone. Monroe and Per- 
kins (7) reported an average pH value between 6.83 and 7.01 for animals fed 
such roughages as corn or A.I.V. silage and alfalfa hay. They found that 
when samples were taken at 2-hour intervals throughout the day under dry 
lot conditions, the pH was most alkaline just before the morning feeding, 
with the largest variations occurring just after feeding. Smith (9) made 
in vivo studies on two cows and found that rumen pH was 6.30 on an alfalfa 
ration and 6.07 on alfalfa and beet pulp. The pH generally was more alkaline 
shortly before and after feeding and varied from 6.27 in the front to 6.00 in 
the rear of the rumen. 

The available literature on rumen flora and fauna has been excellently 
reviewed by Hastings (3). In general, numbers of bacteria have been diffi- 
cult to estimate, since many do not grow on the usual laboratory media. 
Protozoa concentrations have been reported variously from 500 million to 1 
billion per ml. These organisms have been estimated to comprise as much 
as 10 per cent of the total dry matter in the rumen. 


EXPERIMENTAL 


Data on the rate of removal or loss of ascorbic acid from the contents of 
various portions of the digestive tract were gathered simultaneously with the 
data on absorption and elimination of ascorbic acid, which were reported in 
the previous paper (2). Rumen juice, small intestinal juice, cecal and colon 
contents, and the feces were studied. Ascorbic acid was determined by the 
method of Roe and Keuther (8) with such modifications as were necessary 
to give satisfactory dilutions. All colorimetric determinations were made 
with the Evelyn photoelectric colorimeter. All pH determinations were 
made with a glass electrode pH meter. 

Samples of rumen juice were taken from the ventral rumen sac. Cecal 
and colon contents were allowed to ooze from the fistulae into 50 c.c. flasks. 
These samples were taken immediately to the laboratory for pH and ascorbic 
acid determinations. 

The ascorbic acid content and pH of the digestive tract contents before 
and following the administration of ascorbic acid are shown in table 1. The 
pH range of 12 determinations on the rumen contents was 5.72 to 6.56, and 
6.92 to 8.12 in the colon in untreated animals. The administration of 16 g. 
of ascorbie acid in the ventral rumen sac did not lower the pH of the rumen 
juice of the two steers. When the ascorbic acid level of the colon contents 
was above 300 mg. per cent, pH appeared to be lowered in several instances 
and ranged between 5.88 and 7.76. The contents from the cecal fistula did 


. 


“pow 


SF's 
-30'L —9F'9 esuey 
I 3 T 3 3 3 I "ON 
-08'0 | | -OTIT | -09°0 esuvy 
-3L'9 —80°L | -28'9 —F0'L —88°S -86'9 esuvy 
-IT'0 | -02'0 =| -68°0 -0'1 -13°0 -6F'0 —suouny 
_ 8 3 € 3 ‘ON | OT | g—uoung 
STL 89°9 18°9 96°9 88°9 08'9 Hd 
€ 3 € ‘ON | OT | T—uouny 
3 3 3 3 3 3 ‘ON | 0 
90°0 90°0 £0°0 % Suey Vv 
3 3 3 3 3 ‘ON | | 
(9928) 


| | 

| | 

| 


676 R. E. ERB, ET AL. 


not ooze from the opening at a constant rate, and fewer determinations were 
made from this area. The pH range following ascorbic acid treatment was 
6.46 to 8.45. Considerable quantities of ascorbic acid were recovered in the 
rumen juice during the first 2 hours following administration of 16 g. and in 
the colon contents during the first 4 hours after injecting 4 g. of ascorbic 
acid. In the cecum appreciable amounts of ascorbic acid were present 24 
hours after administration. 

The effects of subcutaneous and intravenous administration of aséorbic 
acid upon the amount of ascorbie acid in the digestive tract contents are 
shown in table 2. Ascorbic acid treatment by these routes had no apparent 
effect on either ascorbic acid content or pH. The administration of chloro- 
butanol into the rumen, colon, and cecum at the rate of 5 g. daily for 9 days 
had no effect on pH or ascorbic acid content of the ingesta. 

The ascorbic acid content of freshly voided feces was determined prior 
to treatment and following administration of ascorbie acid and chlorobutanol. 
These findings are summarized in table 3. The administration of ascorbic 
acid into the rumen, cecum, and colon appeared to increase fecal elimination 
of aseorbie acid. Large quantities of ascorbic acid appeared in the feces 8 
hours after administration into the cecum. This was not so apparent in the 
ease of the rumen- and colon-fistulated steers, although fecal ascorbic acid 
appeared to be higher up to 24 hours. Possibly the sampling time of 8 hours 
after treatment was too long in the ease of the colon and too short an interval 
after rumen administration. However, oxidation.and dilution of ascorbic 
acid placed in the rumen would be expected to decrease greatly the possi- 
bility of such treatment increasing fecal ascorbic acid. The subcutaneous 
and intravenous administration of ascorbic acid had little if any effect on 
the feces. Chlorobutanol, when placed in the various fistulae, had no appar- 
ent effect on the ascorbic acid content of the feces. 

A few determinations were made on small intestinal contents. These 
results are shown in table 4. Results of four determinations made before 
’ treatment with 4 g. of ascorbic acid showed ascorbic acid to be no higher than 
was found in rumen juice. The pH, however, was quite alkaline, ranging 
from 7.22 to 8.16 on 12 samples and averaging 7.63. Considerable ascorbic 
acid was found in the contents 1.5 hours after administration of the vitamin. 
Samples were not taken sooner because of the necessity of keeping the fistula- 
lumen plugged for this period of time after administration to prevent loss of 
the vitamin. Administration also was made posteriorly into the gut, so that 
most of the ascorbic acid probably passed too far back to leak out of the 
fistula when ingesta samples were taken. 

Rate of loss of ascorbic acid added in vivo and incubated in vitro at 37° C. 
In the previous section it was shown that samples of digestive tract contents 
removed at regular intervals after administration of ascorbic acid contained 
appreciable quantities of the vitamin for at least 2 hours. To determine the 
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TABLE 4 


In vivo recovery of ascorbic acid from a jejunal fistula and the 
pH value of the contents 


Time interval—hr. after treatment 
Av. and range 
0 1.5 | 2 3 24 
0.28 (4)a 28.7 (4) 0.70 (28) 0.78 (1) 0.54 (3) 
0.19-0.34 9.0 -43.1 0.28-0.73 
7.65 (3) 7.65 (3) 7.62 (3) 7.16 (1) 7.84 (2) 
7.54-7.86 7.22-8.02 7.52-8.16 


a Figures in parentheses indicate number of determinations. 


rate of loss of ascorbic acid in ingesta outside the body, trials were conducted 
on contents from the small intestine, colon, and rumen following administra- 
tion of ascorbic acid into these regions. 

Samples of the rumen, small intestinal, and colon contents were collected 
in flasks, tightly stoppered except during sampling, and pH and ascorbic 
acid determinations were made immediately. The samples then were placed 
in a water bath at 37° C. and ascorbic acid determinations made after 2, 4, 
6, 11, and 23 hours of incubation. The colon and rumen contents were ob- 
tained from the fistulae 15 minutes after the administration of 4 and 16 g. of 
ascorbic acid into the colon and rumen, respectively, and the small intestinal 
contents were secured 1.5 hours following the injection of 4 g. of the vitamin. 

The results are shown in figures 1 and 2. Two widely different concen- 
trations of ascorbic acid were secured for the incubation studies on small 
intestinal contents. One series of four trials showed an average of 42.6 mg. 
per cent ascorbic acid prior to incubation; after 6 hours of incubation ap- 
proximately one-half of the ascorbic acid remained. Half of the remainder 
was lost in the next 5 hours. The other series of four trials had only 2.8 mg. 
per cent ascorbic acid prior to incubation and lost, on the average, approxi- 
mately one-half of the ascorbic acid in 4 hours. 
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Fig. 1. In vitro loss of ascorbic acid and pH change in contents of the small intes- 
tine incubated at 37° C.—ascorbic acid added in vivo. 
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Fig. 2. In vitro loss of ascorbie acid and pH change in contents of the colon and 
rumen incubated at 37° C.—ascorbie acid added in vivo. 


The average rate of loss of ascorbic acid from colon contents was approxi- 
mately the same as for small intestinal contents. More ascorbic acid was left 
after 11 hours of incubation, but considerably more was present prior to 
incubation. The rate of loss of ascorbic acid from rumen juice, as shown in 
figure 2, was essentially twice as rapid as that in small intestinal and colon 
contents. The pH in all cases dropped for the first 4 to 6 hours and then 
gradually increased throughout the remainder of the incubation period. 

Results from the previous section indicated that ascorbic acid gradually 
was lost from digestive tract contents over a period of 11 to 23 hours, the 
length of time depending on the amount originally in the incubated sample. 
Since it was not possible to get samples of uniform concentration from the 
in vivo method of mixing, ascorbic acid was added to rumen juice and colon 
contents in the laboratory. Samples of the rumen, small intestinal, and 
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colon contents were collected and divided into three portions of 100 ¢.c. each. 
One portion was used as a control, 0.25 g. of ascorbic acid was added to an- 
. other, and 0.5 g. of ascorbic acid to the third. The ascorbic acid was mixed 
into the contents by shaking in tightly stoppered bottles, and a sample for 
pH and ascorbic acid determinations was removed and the remainder placed 
in a water bath at 37° C. The results of six trials on rumen juice and four 
trials on colon contents are shown in figures 3 and 4. The amount of ascorbic 
acid determined after addition of ascorbic acid and at the start of ineuba- 
tion was not any higher than quantities that occasionally were recovered 
from the digestive tract after vitamin administration. The average rate of 
loss was surprisingly constant for the first 24 hours in the rumen juice for 
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Fic. 4. pH change and loss of ascorbie acid added in vitro to colon contents and 


incubated at 37° C. 


both the high and low ascorbic acid samples, approximately 250 mg. of 
ascorbic acid being lost in each case. The average rate of loss of ascorbic 
acid in colon contents was slightly higher than the loss in rumen juice during 
the first 22 hours in the sample containing 0.5 g. of ascorbic acid. However, 
the colon samples which contained 0.25 g. of ascorbic acid showed an average 
loss approximately one-third as great; after 44 hours of incubation the 
amount of ascorbic acid remaining was, on the average, nearly the same in 
the two samples. The pH was lowered considerably by the addition of ascor- 
bic acid. This decrease was greater than in the case of in vivo samples taken 
after ascorbic acid administration, even though the amount of ascorbic acid 
in these in vivo samples was in some cases higher than the concentration in 
the in vitro samples. 

The effect of adding starch, autoclaving, and filtering rumen juice on loss 
of added ascorbic acid. Rumen juice samples for this study were taken from 
a Jersey cow with a rumen fistula during the last week of May, 1946. This 
cow was maintained on bluegrass pasture and received no grain. Approxi- 
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mately 1 1. of rumen juice was removed for each trial. Samples were pre- 
pared for incubation in screw capped jars and ascorbic acid was added at the 
rate of 4 mg. per 100 c.c. of material, except in the case of the bacteria-free 
filtrate, in which ascorbic acid was added at the rate of 8 mg. per ~~ c.c. of 
material. 

Corn starch was added at the rate of 50 g. per 1. of ingesta. a were 
autoclaved at 15 lb. pressure for 30 minutes. Approximately 50 c.c. of bac- 
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Fie. 5. The effects of starch, autoclaving, and removal of bacteria on rate of loss of 
ascorbic acid in vitro in rumen juice incubated at 87° C. 


teria-free filtrate were prepared by filtering through cotton and then through 
a Seitz filter. Fifty milligrams of chlorobutanol and thiourea were added to 
some samples singly and together. These two materials had no effect on the 
rate of loss of added ascorbic acid. The factors studied, as shown in figure 
5, were starch added vs. no starch, ascorbic acid alone vs. ascorbic acid and 
starch, autoclaving plus ascorbic acid, and bacteria-free filtrate plus ascorbic 
acid. A control series also was made on autoclaved and bacteria-free filtrate 
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without added ascorbic acid. In the former, ascorbic acid was approxi- 
mately twice as high as in untreated samples. The bacteria-free filtrate 
contained no more ascorbic acid than untreated rumen juice. 

The results reveal that the added ascorbic acid was lost in untreated and 
starch-treated rumen juice in 30 minutes, with the latter showing less loss 
at 15 minutes than the former. The rate of loss in autoclaved and filtered 
material was considerably slower. Although precautions were taken to pre- 
vent bacterial contamination, some undoubtedly occurred in each case. How- 
ever, the rate of loss in these samples would indicate that factors other than 
rumen flora alone may be involved in the loss of ascorbic acid in rumen juice. 


DISCUSSION 


In vivo. Samples of ingesta from the various fistulae taken during the 
control series showed pH values of rumen juice ranging from 5.72 to 6.56; 
the range of all pH determinations during all trials was 5.72 to 7.46. This 
range of values is essentially that reported by Dukes (1), Kick et al. (5), 
Monroe and Perkins (7), and Smith (9). The pH values of colon and cecum 
contents generally were between 7.00 and 8.00 except when large quantities 
of ascorbic acid were present. The pH of jejunal contents also was alkaline, 
showing a range of 7.22 to 8.16. 

Ascorbic acid was recovered from samples of rumen juice for 2 hours 
following administration of 16 g. of the vitamin. This is essentially in agree- 
ment with Vavich et al. (11), although these authors administered as much 
as 150 g. of ascorbic acid at one time. Ascorbic acid was recovered from the 
colon 4 hours after treatment and for as long as 24 hours in cecal contents. 

The administration of ascorbic acid subcutaneously and intravenously or 
of chlorobutanol into various levels of the digestive tract had no noticeable 
effect on the ascorbic acid content of rumen or colon contents. 

There was evidence that ascorbic acid was eliminated in the feces in 
jinereased amounts following administration of ascorbic acid into the rumen, 
colon, and cecum, with the latter showing considerably more elimination at 
8 hours after treatment. 

Fecal elimination of ascorbic acid did not increase following the addition 
of chlorobutanol to the rumen, colon, and cecum. Neither was there any evi- 
dence that the subcutaneous or intravenous administration of ascorbie acid 
resulted in any increased fecal elimination. During these trials the range 
was from 0 to 2.38 mg. per cent ascorbic acid. The amount of ascorbic acid 
in the feces df the steers was several times less than that reported for dairy 
cows by Wallis (12). However, the age, type of animal, difference in ration, 
environment, and the presence of fistulae in the steers prevent any detailed 
comparisons between the two experiments. 

In vitro. Whitnah and Riddell (13), Knight et al. (6), and Vavich et al. 
(11) observed rapid loss of ascorbic acid from rumen contents. Young and 
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James (14) and Young and Rettger (15) observed that certain organisms of 
the intestinal flora utilized or aided in the loss of ascorbic acid. 

Incubation of digestive tract contents containing ascorbic acid added in 
vivo revealed that most of the vitamin was lost from rumen juice after 11 
hours of incubation. Appreciable quantities remained in colon contents 
after 24 hours of incubation. Loss from small intestinal contents occurred 
at approximately the same rate as was observed in the case of colon contents. 

The addition of ascorbie acid to rumen juice at the rate of 0.25 and 0.5 g. 
per 100 ¢.c. and ineubation at 37° C., indicated approximately 250 mg. of 
ascorbic acid were lost from each sample during the first 24 hours and, in the 
ease of the higher concentration, the remainder was lost during the next 20 
hours. When 0.5 g. of ascorbic acid was added to 100 ¢.c. of colon contents 
and incubated at 37° C., the rate of loss approximated that observed for 
rumen juice. However, the samples containing only half as much ascorbic 
acid lost the vitamin only one-third as fast. The rate of loss of ascorbic acid 
added to rumen juice was considerably less than was observed by Vavich 
et al. (11). However, these authors incubated their samples at 39.5° C. and 
determined only reduced ascorbic acid. 

Though the concentration of ascorbic acid was approximately twice as 
high in feces and in the colon and cecal contents as compared to rumen juice 
or juice from the jejunum, this does not necessarily mean that any lower 
bowel synthesis of ascorbic acid has taken place. The increase in dry matter 
in the lower bowel easily could account for the differences noted. Further- 
more, to the authors’ knowledge, no information is available on how much 
ascorbic acid might be found in the living microflora of the digestive tract. 
According to Hastings (3), the amount of microflora on a dry-matter basis 
is approximately the same for rumen and fecal material. Thus differences 
in ascorbie acid could be due to the concentration of microflora. The other 
possibility is the liberation of the vitamin from undigested portions of grain 
and hay as they proceed along the digestive tract. Getting more of this solid 
material in the sample easily could account for the differences observed. 

Further studies on rumen juice revealed that ascorbic acid was lost quite 
slowly from a bacteria-free filtrate and autoclaved samples as compared to 
samples not treated in this manner. This essentially is in agreement with 
Vavich et al. (11). 

The addition of corn starch to rumen juice of a cow on pasture and re- 
ceiving no grain showed a slight ‘‘sparing”’ effect on ascorbic acid. Adding 
thiourea or chlorobutanol or both to rumen juice had no effect on the rate 
of loss of ascorbic acid. These studies indicate that both microbiological and 
chemical factors are involved in the loss of ascorbic acid from rumen juice. 
This loss cannot be attributed solely to bacteria or enzymes. 
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SUMMARY 


1. The ascorbic acid content of rumen juice, intestinal juice, colon and 
cecal contents, and feces was determined during ascorbic acid absorption 
studies with steers. 

2. Ascorbie acid was recovered from rumen juice for 2 hours following 
rumen administration of 16 g. of ascorbie acid. The vitamin was recovered 
for 4 and 24 hours, respectively, from colon and cecal contents after placing 
4 g. of the vitamin directly into these regions. 

3. The average ascorbi: acid content of feces, cecal, and colon contents 
was approximately twice as high as jejunal or rumen juice during periods 
when ascorbic acid was not administered. 

4, Placing chlorobutanol in the digestive tract or giving ascorbic acid 
subeutaneously or intravenously had no apparent effect on the level of 
ascorbic acid in digestive tract materials. 

5. Some fecal elimination of ascorbic acid was evident following adminis- 
tration of ascorbic acid into the digestive tract. 

6. In vivo and in vitro studies on rumen and jejunal juice and on colon 
contents indicated ascorbic acid was quite labile in these media, even though 
considerable quantities were recovered in vivo several hours after treatment. 
In vitro samples incubated at 37° C. lost ascorbic acid less rapidly. 

7. Some ascorbic acid administered into the rumen, colon, and cecum was 
eliminated in the feces, with the latter showing the greatest elimination. 

8. Autoclaving or preparing bacteria-free filtrates of rumen juice greatly 
retarded loss of ascorbic acid as compared to untreated rumen juice. 


The authors wish to thank Merck and Co., Rahway, New Jersey, for 
generously supplying the ascorbic acid used in this study. 
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OBSERVATIONS ON VITAMIN A DEFICIENCY IN 
YOUNG DAIRY BULLS* 


R. E. ERB,? F. N. ANDREWS, 8S. M. HAUGE, anp W. A. KING 
Purdue University Agricultural Experiment Station, Lafayette, Indiana 


Vitamin A deficiency results in the cessation of spermatogenesis and 
atrophy of the testes in laboratory animals (11, 14), and recent studies 
(2, 3, 4, 5, 9, 10, 12, 13) have shown vitamin A deficiency to have a similar 
effect on the testes of the bull. It also has been reported (2, 3, 5, 6, 9, 10) 
that damage to germinal tissue of the testis due to vitamin A deficiency is 
reparable. The development of pituitary cysts has been attributed to 
vitamin A deficiency (5, 10, 12); this condition appears to be irreparable 
by vitamin A therapy. The common clinical symptoms of vitamin A defi- 
ciency are apt to occur prior to any recognizable reduction of fertility of 
bulls (5, 6, 9), especially when the deficiency develops after puberty. 

The purpose of this study was to determine the effect of suboptimum 
intake of vitamin A upon reproduction in the male bovine and to determine 
whether or not prepubertal vitamin A deficiency results in permanent 
impairment of the reproductive processes which cannot be overcome by 
vitamin A therapy. 


PROCEDURE 


Two trials were conducted between August, 1944, and December, 1946. 
The first trial consisted of two groups of five bulls each, and the second trial 
of three groups of four bulls each. The levels of vitamin A intake and 
age when placed on the experiment are shown in table 1. The calves were 
handled in a routine manner prior to being placed on experiment. During 
the experiment all bulls were fed beet pulp and a grain mixture containing 
100 Ib. ground white corn, 85 lb. ground oats, 45 lb. wheat bran, 30 Ib. lin- 
seed oil meal, 45 Ib. soybean oil meal, 1.5 lb. iodized salt, 1.5 lb. bone meal, 
1.5 lb. pulverized limestone, and 0.5 lb. irradiated yeast. Vitamin A (con- 
centrated liver oil) was supplied daily as outlined in the table. 

The various groups were kept in separate pens and exercising lots; each 
bull was tied during feeding. Semen collection was made with the artificial 
vagina, using estrus females. Blood plasma vitamin A determinations were 
made at bimonthly intervals on bulls in trial II from February to December, 
1946, using the method of Kimble (7) ; blood carotene, ascorbic acid, and 
hemoglobin also were determined, but these data will not be presented in 


Received for publication May 9, 1947. 

1 Journal Paper no, 296, Purdue Agricultural Experiment Station. 

2 Present address: Division of Dairy Husbandry, The State College of Washington, 
Pullman. 


687 


R. E. ERB, ET AL. 


ioe) 
2) 


vruounoud : porg 000°F 
0002 303 essa MOT—] 
Gt/8/8 000°9 
000‘F 
000‘ OFF 9¢ MOT—I 
occa 
‘ct/61/6 Asdorq 000‘00T 
000°9 $t/6/8 
000% 
000°9 Gt/6/¢ 
Gt/61/6 Asdorq 000° 
0002 869 ‘19H MOT—T 
000‘00T ¥¥/6/L cos ‘19H ossa 
St/0T/8 000‘00T ¥¥/6/L T0¢ SOT 
(shop) (sfivp) 
oyequy 
ydxo uo ode poorg ‘ou ploy] 


quaunsadza uo fo sabv puv p wwona 


T 


| | 
| | 
| 
| 
43 | 
| 
| 
| 
| 
| 
| 
| 
| | 
| 
| | 
| | 
| 
| 
| | | 
| | | 
| 
| 
| | 
| 


> 


000F St/9T/8 Ges oF MOT—IT 
9¢/81/F 
000°F oF ‘19H olsa MOT—IT 
000‘F 61S ‘19H 99ca MOT—TI 
000°9 PLY GP ‘19H 
000°9 ‘19H coca untpeN—II 
poroqysneg 000‘00T St/63/6 88h 6h 
+: por 000‘00T 94/61/38 83 ‘OH 


(panuyuog)—T AIAVL 


| 

| | 

| | 

| 


690 R. E. ERB, ET AL. 


detail. Growth rate was measured and observations made for the clinical 
symptoms of vitamin A deficiency. 


RESULTS 


Trial I. As shown in table 1, two groups of five bulls each were started 
on experiment during July and August, 1944. On September 7, 1944, a 
Jersey bull (P112) in the control group died (cause undetermined), and 
on December 20, 1944, a Guernsey bull (B553) in the low vitamin A group 
died of pneumonia. This left three Holsteins and one Guernsey in the low 
group, and three Holsteins and one Jersey in the control group. As shown 
in figure 1, the high group grew satisfactorily throughout the experiment. 
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Fig. 1. Effect of vitamin A intake on rate of growth in’ dairy bull calves. 


In December, 1944, bulls in the low group receiving 2,000 I.U. vitamin A 
daily began to lose weight, showing incoordination and reduced feed intake. 
By December 14, three of the four bulls in the low group were blind, and the 
vitamin A intake of all bulls in the group was raised to 4,000 I.U. daily. 
The bulls slowly recovered and gained at a low rate. The bull (B557) 
which had not gone blind while on 2,000 I.U. of vitamin A daily showed dis- 
tinet blindness on February 23, 1945, while on 4,000 1.U. On March 9, 1945, 
all bulls were raised to 6,000 IU. vitamin A daily (approximately 14 I.U. per 
lb. of weight). As body weight increased, the daily vitamin A intake de- 
ereased, until by September, 1945, it was about 9 I.U. per lb. 

Satisfactory semen was produced by the bulls in the control group at 16 
months of age, but only slight spermatogenesis was noted in bulls on the low- 
level intake. Two bulls from the control group (B550, P111) and one bull 


| 
420 | 
380 
300 | 
| 260 
220 | 
2,000 LU. 
180 
140 
| 


VITAMIN A DEFICIENCY 691 


from the low group (B554) were slaughtered and autopsied during August, 
1945. Histological sections were made of the vital organs, endocrine glands, 
and reproductive tracts. No gross pathology was evident in the bulls from 
the control group and only blindness in the bull from the low group. Histo- 
logical examination of the testes revealed a moderate rate of spermatogenesis 
_ in all three bulls. 

Testicular biopsies (2) were made on the three remaining Holstein bulls 
(B549, B555, B557) on September 19, 1945. Histological sections of the 
testes revealed retarded proliferation of the germinal epithelium, indicating 
delayed sexual maturity. Two of these bulls (B555, B557) then were raised 
to 100,000 I.U. of vitamin A daily while the other (B549) remained on 6,000 
I.U. Although these bulls were blind, they gradually became accustomed to 
mounting cows in heat. Twelve samples of semen were collected from each 
bull during January and February, 1946. In only one sample (B549) was 
initial motility rated above 60 per cent. The concentration of sperm gen- 
erally was below 500,000 per mm.* and survival time at 5° C. usually was less 
than 24 hours. The sex desire of these bulls was quite good. B549 (6,000 
1.U. daily) consistently produced the best quality of semen, while the semen 
of B557 was of very inferior quality. These bulls were slaughtered and 
autopsied February 26, 1946. All three had cystic pituitaries. B555 had the 
largest cyst (approximately 2.5 em. in diameter) and also showed gross 
kidney damage; histological examination of the kidneys revealed extensive 
albuminous degeneration of the convoluted tubules, leucocytic infiltration, 
and glomerular damage. The kidneys of B549 and B557 showed only very, 
slight albuminous degeneration. The testes of these bulls showed a moderate 
rate of spermatogenesis, with germinal elements arranged fairly densely. 
The epididymis contained moderate numbers of stored sperm. 

Trial II. This trial was started in August, 1945. The animals were 
placed on experiment as they became available. The details are shown in 
table 1. Bulls in the medium group received 6,000 I.U. vitamin daily until 
they reached 300 lb. in weight. The vitamin A intake then was adjusted to 
16 I.U. per lb. daily. The low group received 4,000 I.U. daily until they 
reached 300 lb. (B566 until 400 Ib.) ; intake then was adjusted to 8 I.U. per 
lb. daily. All bulls were weighed on 3 consecutive days each month and at 
such other times as necessary to regulate the vitamin A intake. These vita- 
min levels were selected because it was believed that 8 I.U. per lb. would be 
marginal and 16 I.U. per lb. would be adequate. The average intake of vita- 
min A per pound of body weight and rate of gain for each weight period for 
each bull used in this trial are shown in table 2. None of the bulls with the 
exception of B575 in the medium group grew as rapidly as the control bulls 
in trial I (fig. 1). This failure to duplicate growth rate was due partially 
to not attempting to feed for maximum growth, especially prior to March, 
1946. The controls in this experiment (trial II) showed unsatisfactory 
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growth rates and were off feed more times than the bulls in the other two 
groups (table 3). Between-group comparisons are not possible since the 
control group contained a Holstein, Guernsey, and Jersey, whereas the other 
two groups were composed of three Holsteins and one Jersey. Bulls in both 
the low and medium groups showed night blindness during the experiment 
(table 3) ; all except P119 (low group) had convulsions at one time or an- 
other, with B566 and B570 having the most serious and most frequent 
attacks ; three bulls, B566 and B570 (low group), and B118 (medium group) 
went blind. All animals in the low and medium groups showed considerable 
papillary edema, and retinal hemorrhage was observed in three cases (P118, 
B566, B570). No other clinical symptoms of vitamin A deficiency were 
observed. The animals remained on feed and grew as well as the controls 
(table 2). Their hair coats had a fine, sleek appearance and the hides were 
pliable. No swelling was observed in the feet or legs. 

Beginning in February, 1946, blood analyses for vitamin A, carotene, 
hemoglobin, and ascorbic acid were made bimonthly. Blood plasma carotene 
was of no consequence since these animals were receiving vitamin A. The 
hemoglobin increased slowly with increasing age, with no observable differ- 
ences between groups, and whole blood and blood plasma ascorbic acid were 
not appreciably different between the groups. The results of blood plasma 
vitamin A analyses are shown in table 4. Bulls in the medium and low 
groups showed essentially the same low concentration of vitamin A in the 
blood plasma, which is further indication of suboptimum vitamin A intake. 
The controls were considerably higher. Boyer et al. (1) reported that blood 
plasma vitamin A levels of 10 y or more per 100 ¢.c. are necessary for ade- 
quate vitamin A nutrition of the growing calf and that plasma values of 
7-8 y are borderline. 

Semen collections were attempted on all bulls beginning at 13 months of 
age. Ten or more attempts were made with each animal. Although each 
bull was observed riding others, only the Guernsey control (B563) produced 
semen of high quality. Very few sperm were observed in the ejaculates from 
B564 (control) and B570 (low), and these showed only slight motility. The 
other bulls that ejaculated (B573, B565, B575) produced no sperm. The 
ages at first ejaculation are shown in table 3. The bulls from which no ejacu- 
lates were obtained showed no interest in estrus cows at collection time. 

Since bulls in the low and medium groups all showed various stages of 
vitamin A deficiency during November, 1946, all bulls were slaughtered dur- 
ing the following month. The vital organs were weighed and histological 
sections made. Organ weights and percentages of body weight are shown in 
table 5. The results of histological examination of the testes are shown in 
table 6. The organs and glands not otherwise described appeared histologi- 
eally normal. 

No pituitary cysts developed in the five control bulls which were autopsied 
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in trials I and II. Edema and vacuolation of the basophiles were observed 
in B550 and P120. Seven of the nine bulls receiving the low level of vitamin 
A developed pituitary cysts ranging in diameter from 0.5 to3em. The pitui- 
tary histology of the bulls without cysts (B553 and B554) was relatively 
normal. The remainder of the pituitaries of this group were characterized 


TABLE 6 
Trial II—histological observations on testes and epididymides 
Group | Bull no, Testes : Epididymides 
Low B566 Low rate of spermatogenesis. Left: few stored sperm, 
Some tubules contained only some leucocytic infiltra- 
spermatogonia. tion; right: large num- 
ber of stored sperm. 
Low B570 Very low rate of spermatogenesis. Moderate numbers of 
Primary and secondary sper- sperm. 
matocytes only in most tubules. 
Low B573 No sperm. Most tubules con- No sperm. 
tained only spermatogonia and 
primary spermatocytes. 
Low P119 Low rate of spermatogenesis. Abundant stored sperm. 
Some tubules with no lumina 
and containing only spermato- 
gonia and a few primary sper- 


matocytes. 
Medium B565 | Very low rate of spermatogenesis. No sperm. 
Some tubules with no lumina 
| and containing only spermato- 
| gonia and a few primary sper- 


matocytes. 

Medium B569 An oceasional sperm. Most tub- Epithelial cells in various 
ules had primary and _ secon- stages of mitosis and a 
dary spermatocytes only. few sperm heads. 

Medium B575 No sperm. Most tubules con- No sperm. Few epithelial 
tained spermatogonia and sec- cells. 


ondary spermatocytes, and a 
few spermatids. 

Medium P118 Low rate of spermatogenesis. Large numbers of sperm. 
Some tubules with primary 
spermatocytes and  spermato- 
gonia only. 


Control B564 Low rate of spermatogenesis. Left: numerous areas with 
leucocytie infiltration, 


moderate sperm storage; 
right: abundant sperm. 
Control B563 Moderate spermatogenesis. Abundant sperm. 
Control P120 Moderate spermatogenesis. | Abundant sperm. 


by a loose arrangement of the anterior pituitary cells and vacuolation of the 
basophiles, and edema was observed in five of the glands. All of the four 
bulls in the medium vitamin A group in trial II developed pituitary cysts. 
Two of the bulls (B565 and B569) showed some edema, vacuolation of the 
basophiles, and a loose arrangement of the pituitary elements. 

No consistent differences occurred between groups in the histology of the 


| 
| 
| 


VITAMIN A DEFICIENCY 699 


adrenal cortex but some variation from normal appeared in the adrenal 
medulla. In one of the control bulls (B550) slight necrobiosis of the me- 
dulla was observed, and in a second control (B564) there was moderate 
lymphocytic infiltration of the medulla. In five of the nine bulls on low 
vitamin A intake early necrobiosis or necrosis of the medullary cells was 
observed and in one (B555) several large areas of polymorphonuclear leuco- 
cytes extended from the capsule through the medullary portion. In the 
medium vitamin A group early necrobiosis was observed in B565 and B569, 
the bulls with the largest pituitary cysts in the group. One area of the cortex 
was infiltrated with polymorphonuclear leucocytes in P118. 


DISCUSSION 


There jis general agreement among investigators that vitamin A defi- 
ciency, if prolonged, results in the degeneration of the germinal epithelium 
of the testes in sexually mature bulls and that lowered fertility or sterility 
results. It is likewise agreed, that in sexually mature bulls, relatively nor- 
mal spermatogenesis can be restored by vitamin A therapy (2, 3, 4, 5, 9, 12). 
The effects of prepubertal vitamin A deficiency upon sexual development and 
subsequent fertility or reproductive capacity are not completely understood. 
Following the reports of Madsen et al. (10) that prenatal or postnatal vita- 
min A deficiency in cattle results in the development of pituitary cysts which 
are not reparable by vitamin A therapy, it was hypothesized that suboptimal 
vitamin A intake prior to puberty might be a capse of lowered fertility in 
mature bulls. 

It originally was intended that the level of vitamin A intake in the Pur- 
due experiment would prevent clinical vitamin A deficiency and that the 
results of suboptimal vitamin A could be measured for the most part in terms 
of semen quality. As reported above, the results were not wholly as expected. 
In the first experiment, three Holstein bulls on low vitamin A intake became - 
blind by 6 months of age. The development of blindness resulted in con- 
tinual difficulty in making semen collections, and because of this complica- 
tion, it is impossible to separate the physiological and psychological effects 
of vitamin A deficiency on reproductive capacity. However, the microscopic 
study of testicular biopsies made on the three bulls at 14 months of age 
showed that spermatogenesis was retarded. Two of the animals received 
100,000 I.U. of vitamin A daily beginning at the fourteenth month and one 
was held at 6,000 I.U. Although blindness persisted, all of the bulls eventu- 
ally ejaculated. None of the semen samples could be classified as of excellent 
quality, although large numbers of sperm were produced. Examination of 
the testes at autopsy revealed that the rate of spermatogenesis was subopti- 
mum in terms of bulls of known high fertility. Evidences of pituitary and 
adrenal damage were observed. Although the authors are not specialists in 
pituitary or adrenal cytology, certain histo-pathological changes were noted. 
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Pituitary cysts were present in the three bulls. The cells of the anterior 
pituitaries were loosely arranged; there were evidences of edema, and the 
basophiles showed more vacuolation than in normal bulls. Clear-cut castra- 
tion cells were not observed. Although vitamin A therapy was carried out 
for 5 months, spermatogenesis was not restored to an entirely satisfactory 
level and histological evidences of vitamin A deficiency persisted. These 
results are in essential agreement with those of Madsen et al. (10) and 
Hodgson et al. (5). It would appear, however, that acute vitamin A defi- 
ciency in sexually immature animals may have effects which persist long 
after the correction of the deficiency. 

The second experiment was planned with the intention of studying both 
vitamin A deficiency and subclinical deficiency in prepubertal bulls. Vita- 
min A levels of 4,000 and 6,000 I.U. per day until the bulls reached 300 Ib., 
and adjustment at that time to 8 and 16 I.U. of vitamin A per lb. body 
weight, were maintained. These levels are equivalent to 17.6 and 35.3 L.U. 
per kg. of body weight and are approximately one-half and slightly above the 
minimum requirements (32 I.U. per kg.) for calves as reported by Lewis and - 
Wilson (8). As previously pointed out, neither the control nor experimental 
bulls in trial II grew as rapidly as the controls in trial I. This difference 
apparently is the result of a lower daily feed intake than was maintained in 
the first experiment. All of the bulls in the low and medium vitamin A 
groups developed night blindness and all except one (P119—low group) had 
convulsions during the trial. Papillary edema and retinal hemorrhage were 
observed in three bulls, and blindness developed in three cases. However, 
other clinical evidences of vitamin A deficiency were not observed. Growth 
rate of the bulls in the low and medium groups was essentially similar to that 
of the controls receiving 100,000 I.U. of vitamin A daily, and the hides were 
sleek and pliable. Normal sexual maturity, as measured by sexual drive and 
semen quantity and quality, was retarded in the low and medium groups. 

Histological studies of the entire reproductive tract and the vital organs 
were made. The rate of spermatogenesis in eight of the experimental and 
one of the control bulls was low and definitely suboptimal. Sperm produc- 
tion was reduced. 

Although Hodgson ef al. (5) demonstrated fertility in the semen of vita- 
min A-deficient bulls, they found that semen quality as measured by the 
usual standards was low. It is the opinion of the authors that although bulls 
receiving deficient or slightly deficient rations may not be sterile, fertility is 
affected and reproductive capacity definitely is limited. The reduction of 
sexual drive and failure to ejaculate are serious reproductive disturbances. 
The ability of males with these characteristics to impregnate an occasional 
female is an indication of fertility but is no measure of normal reproductive 
capacity. 

The development of recognizable pituitary and adrenal changes in the 
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bulls receiving 8 and 16 I.U. of vitamin A suggests that these intakes do not 
permit complete physiological development, even though growth may be rela- 
tively satisfactory. 

The results which have been obtained in these and other studies on the 
vitamin A requirements of growing bulls leave much to be desired. Varia- 
tions between bulls of the same and different breeds, failure to adjust vita- 
min A intake to body weight from birth, and the failure to conduct blood 
vitamin A studies beginning at birth all have contributed to the difficulty of 
reaching entirely satisfactory conclusions in this study. The interference of 
blindness with normal behavior may account for some of the observations on 
the apparent lack of sexual drive, but there seems to be sufficient evidence to 
suggest that suboptimal vitamin A intake retards male hormone production 
as well as spermatogenesis. 


SUMMARY 


1. The effects of varying levels of vitamin A on the reproductive develop- 
ment of 13 Holstein, 4 Jersey, and 3 Guernsey bulls were studied. 

2. Complete blindness developed in bulls receiving 2,000 I.U. of vitamin 
A daily. Following supplementation of the ration with 4,000 and 6,000 I.U. 
of vitamin A daily, very slight spermatogenesis was observed ; only moderate 
sperm production was found following 5 months of therapy with 100,000 I.U. 
of vitamin A daily. 

3. Bulls which received 4,000 and 6,000 I.U. daily of vitamin A until 
300 Ib. in weight, and then 8 and 16 I.U. daily per lb. of body weight, ex- 

ibited convulsions, showed evidence of night blindness, and three became 
totally blind. Sexual maturity was delayed, sex drive inhibited, and sper- 
' matogenesis limited. Cystic pituitary glands were observed in all bulls ex- 
cept the controls. Histological differences were observed, however, in both 
the anterior pituitary glands and the adrenal glands of the bulls. 

4. Although moderate prepubertal vitamin A deficiency did not com- 
pletely inhibit sperm production, fertility and reproductive capacity ap- 
peared to be seriously impaired, since sexual drive and spermatogenesis as 
measured by laboratory procedures and histological examination were re- 
duced. The possibility that prepubertal damage may be permanent, espe- 
cially when cystic pituitaries develop or total blindness occurs, should not 
be overlooked. 
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THE EFFECT OF MILKING AT SHORT INTERVALS WITH AND 
WITHOUT INJECTIONS OF OXYTOCIN’ 


VEARL R. SMITH 
Department of Dairy Husbandry, University of Wisconsin, Madison 


Kellner (7) long ago demonstrated an increased production of milk per 
unit of time by decreasing the milking interval. Many methods since have 
been used to ascertain the course of milk secretion. Tgetgel (10) measured 
the increase in pressure within the mammary gland during the intervals 
between milkings. His data show that the pressure increases slowly after 
milking, but rises quite rapidly toward the approach of the next milking. 
Isaachsen (6) attempted to measure the course of milk secretion by canu- 
lating the mammary gland over a 24-hour period. The container into which 
the catheter drained was emptied at hourly intervals. The flow of milk from 
hour to hour was quite variable. 

Filipovie (2) milked cows at one-half and hour intervals during the 
periods between normal milkings. The yields that were obtained were quite 
irregular. He interpreted the data as showing a peak secretion occurring 
at about 4 hours after the last normal milking. 

Ragsdale et al. (8) and Garrison and Turner (4) studied the rate of milk 
secretion by milking cows at increasing intervals of from 1 to 36 and 1 to 24 
hours, respectively. These authors concluded that the rate of milk secretion 
is quite constant at milking intervals of 12 hours. 

Gasnier et al. (5) milked cows at intervals ranging from 0.5 to 16 hours. 
Their conclusions were that milk production was proportional to the length 
of the interval during the first 6 hours, and for longer intervals milk produc- 
tion varied logarithmically. 

Shaw (9), milking cows at 2-hour intervals with the aid of oxytocin, 
found that milk secretion was uniform from milking to milking. According 
to the theory proposed by Ely and Petersen (1), it is necessary for the cow 
to respond to the stimulus of milking by releasing the hormone, oxytocin, 


thereby causing the ‘‘let-down’’ phenomenon before the preformed milk in 


the cow’s udder can be removed. 


EXPERIMENTAL METHODS 


Eight Holstein cows were selected from the University herd, on the basis 
of level of production and stage of lactation, to form four pairs such that the 
two individuals of a pair were as nearly alike as possible. 


Recived for publication May 14, 1947. 
1 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
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Records of the milk weights and fat tests on each cow were kept for a 
6-day pre-experimental period. During the subsequent 6 days, or experi- 
mental period, the cows were milked 12 times in 24 hours, beginning at 6 a.m. 
Thus the 6 a.m. milking constituted the beginning of a new day. On the 
injection day for a given group, each cow of the group was injected with 
10 I.U. of oxytocin immediately prior to each milking. 

The design of the experimental period is illustrated as follows: 


Day of experimen- 

tal period 1 5 6 

Group I Pre- Injection | Inter- Injection | Post- Post- 
injection injection injection | injection 

Group II Pre- Pre- Injection | Inter- Injection | Post- 
injection | injection injection injection 


Days 2, 3, 4, and 5 of the experimental period constituted a ‘‘switch- 
back’’ design with respect to injection. However, the results obtained from 
cows of Group I on the sixth day of the experimental period have no counter- 
parts among the results obtained from the cows of Group II. Also, the 
results from the cows of Group II have no counterparts obtained from Group 
I on the shift from twice-a-day to 12-times-a-day milking on the first day of 
the experimental period. ; 

Records were kept of the pounds of milk produced and the per cent of fat 
of the milk for each cow at each of the 12 daily milkings during the 6 days 
of the experimental period. 

The cows were returnei » their regular twice-a-day milking schedule 
following the 6-day experin. ucal period. Records again were kept of the 
pounds of milk and per cent of fat for each cow at each milking for 7 days 
subsequent to the experimental period. The day immediately after the ex- 
perimental period was considered a transitional period, and the next 6 
consecutive days were termed the post-experimental period. 

One of the necessary conditions fo valid use of analysis-of-variance 
methods is uniform variability of all the measurements involved in the analy- 
sis. The tests of significance associated with analysis-of-variance procedures 
are meaningless when this condition is not fulfilled, at least approximately. ° 
Since data for the respective cows differ in variability, and the variability is 
greatly reduced during the period of injection and greatly increases after 
cessation of injection, the data were analyzed by the rank method (3), as no 
common transformation would ‘‘bring the data into line’’. 


RESULTS 
Comparison of the Pre-experimental, Experimental and 
Post-experimental Periods 


Average daily production of milk. Table 1 gives the 6-day averages of 
the milk production of each cow for each of the three 6-day periods involved 
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TABLE 1 


Average daily production of milk by each cow during each of the 
three periods of the study 


Period 

Group Cow Pre-experimental Experimental Post-experimental 
lb. Rank lb. Rank lb. Rank 

I 228 36.3 2 42.6 3 34.0 1 

282 38.6 2 43.8 3 37.6 Z 

290 28.7 2 32.9 3 27.6 1 

190 11.9 2 16.8 3 6.6 2 

II 242 41.0 2 49.2 3 37.7 2 

258 41.6 2 48.2 3 36.0 | 

307 26.1 2 30.2 3 24.5 1 

174 13.6 2 17.1 3 12.8 1 

Av. standard error ........... 0.44 1.16 © 0.52 


in the study. The averages for each cow were ranked 1, 2, or 3 in increasing 
order of magnitude. The most conspicuous feature of the results is the com- 
plete consistency of the ranks, as the average daily production of every cow 
was greatest during the experimental period and least. during the post- 
experimental period. Since the probability of eight sets of three ranks each 
being completely consistent by chance alone is 1/279,936, it is clear that the 
particular pattern of complete consistency observed is significant. . The aver- 
age standard error shown in table 1 for the experimental period is more than 
double the values shown for each of the other two periods. This increase in 
variability, which is significant at the 0.01 probability level, largely is due to 
the vicissitudes of milk production on the days following injection days, 
which greatly over-balanced the greater uniformity of milk production on 
injection days. 
TABLE 2 


Weighted average per cent fat of milk produced by each cow during each 
; of the three periods of the study 


Period 

Group Cow Pre-experimental Experimental Post-experimental 
% Rank % Rank % Rank 

I 228 3.51 2 3.37 1 3.85 3 

282 3.77 2 3.54 2 4.26 3 

290 3.64 2 3.48 1 4.05 3 

190 4.66 2 3.75 PT 5.04 3 

II 242 "3.57 2 3.31 1 4.10 3 

258 3.48 2 3.25 1 4.10 3 

307 3.89 2 3.63 2 4.78 3 

174 3.34 3 3.40 2 3.59 3 

Av. standard error ........... 0.069 0.121 0.173 
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Average per cent fat. The average per cent of fat for each period is pre- 
sented in table 2, together with the relative ranks. These are weighted aver- 
ages of the figures on per cent of fat for the respective milkings and are not 
simple arithmetic means. 

For each cow the highest average per cent fat occurred during the post- 
experimental period, in which the average daily production of milk was least. 
Also, with the exception of cow no. 174, the lowest average per cent of fat 
occurred during the experimental period, when the average daily production 
of milk was greatest. Since the probability of obtaining by chance alone 
either a perfect negative correlation between two groups of eight sets of three 
ranks each or a case only one permutation distance from a perfect negative 
correlation is 1/559,872, the observed negative correlation is statistically sig- 
nificant. Average standard errors shown at the bottom of table 2 increase 


TABLE 3 


Average daily production of fat by each cow during each of the 
three periods of the study 


Period 

Group Cow Pre-experimental Experimental Post-experimental 
lb. Rank Ib. Rank lb. Rank 

I 228 1.27 1 1.43 3 1.31 2 

282 1.46 1 1.55 2 1.60 3 

290 1.04 1 1.14 3 1,12 2 

190 0.55 2 0.63 3 0.33 1 

II 242 1.46 1 1.63 3 1.55 2 

258 1.45 1 1.56 3 1.48 2 

307 1.02 1 1.09 2 1.17 3 

174 0.455 1 0.58 3 0.458 2 

Av. standard error .......... 0.1067 0.0762 0.0486 


uniformly from the pre-experimental period through the post-experimental 
period. This trend is significant at the 0.01 probability level. From these 
data it is not possible to determine whether this is due to injections and their 
after-effects, or to the effect of 12 milkings per day during the experimental 
period and the after-effects of this procedure, or both. 

Average daily production of fat. Table 3 gives the 6-day averages of the 
fat production (in pounds) of each cow for each of the periods of the study, 
as well as the relative ranks of the three averages for each cow. The figures 
for average daily production of fat do not form as clear-cut patterns as the 
figures shown in tables 1 and 2. However, for each cow the average daily 
production of fat was higher during the experimental period than during 
the pre-experimental period, and, with the exception of cow no. 190, it also 
was higher during the post-experimental period than during the pre-experi- 
mental period. Since the probability of obtaining by chance alone a pattern 
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equally or more consistent is 2/2,187, the pattern observed may be regarded 
as significant. The average standard errors of total fat production shown 
at the bottom of table 3 decrease uniformly from the pre-experimental period 
through the post-experimental period, a trend that is significant at the 0.01 
level and in the opposite direction from that observed in the “meme stand- 
ard errors of per cent fat. 

Effect of Injections 


Level of total milk production. The total production of milk (in pounds) 
of each cow on each of the 12 daily milkings during the 6-day experimental 


TABLE 4 


Milk production (exclusive of the two ‘‘transitional’’ milkings) of each cow 
for each day of the experimental period 


Group I, cow no.: 
Day Type i 228 282 290 190 
lb. Rank lb. Rank lb. Rank lb. Rank 
z Pre-injection 30.0 1 35.3 3 25.4 1 11.3 5 | 
2 Injection 35.1 4 37.5 4 26.8 2 12.7 2 
3 Inter-injection 34.0 3 41.6 5 26.9 3 18.1 5 
4 Injection 38.5 5 42.6 6 30.8 6 18.3 6 
5 Post-injection 40.0 6 30.9 1 27.7 4 14.4 3 
6 Post-injection 33.5 2 34.5 2 28.4 5 15.0 4 
Group IT, cow no.: 
Day Type 242 258 307 174 
lb. Rank Ib. Rank lb. Rank lb. Rank 
x Pre-injection 40.0 3 37.1 1 26.7 5 14.2 3 
2 Pre-injection 43.5 5 39.6 3 26.4 4 14.9 5 
3 Injection 42.5 a 40.1 4 25.6 3 14.5 4 
4 Inter-injection 37.7 1 39.1 2 24.3 2 12.8 2 
5 Injection 46.3 6 46.5 6 27.3 6 16.8 6. 
6 Post-injection 39.1 2 42.2 5 22.6 1 12.7 1 


period is shown in figure 1. Without exception, the milk production on 
the first milking of an injection day either equaled or exceeded the maxi- 
mum production of the other milkings on the same day, and without excep- 
tion the milk production on the first milking of a control day following an 
injection day was below average for the day, although not the minimum for 
the day in all cases. Consequently, the first two milkings of each day were 
excluded from the analyses to eliminate the ‘‘transitional milkings’’ from 
one treatment to the other. 

Table 4 gives the total production of milk of each cow for the last ten 
milkings of each day of the experimental period, and the relative rank of 
each day’s production. The rankings for both groups exhibit significant 
divergence from chance arrangements, the divergence being significant at the 
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Fic. 1. Total milk (in Ib.) of each cow on each of the twelve daily milkings on each 
of the 6 days of the experimental period. 
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0.05 level in the case of Group I and at the 0.01 level in the case of Group II. 
The only features common to the two parts of the table, however, appear to 
be the above-average production of the second injection day, and the fact 
that production on the second injection day exceeded production on the first 
injection day without exception. 

Variability of total milk production. Examination of the various parts 
of figure 1 shows that, neglecting the initial milking on injection and post- 
injection days, milk production in general was more uniform from milking 


TABLE 5 
Measures of the variability* of the milk production from milking to milking 
(exclusive of the two ‘‘transitional’’ milkings) of each cow for 
each day of the experimental period 


Group I, cow no.: 
Day Type 228 282 290 190 
lb2 Rank lb2 lb. Rank lb2 Rank 
1 | Pre-injection 102 2 55.6 4 1502 16 863 
2 Injection 17.4 3 1.0 Lk 3.6 3 0.4 2 
3 Inter-injection 86.6 4 132.5 6 11.7 + 9.2 4 
4 Injection 0.6 | 1.3 2 0.8 | 0.1 1 
5 Post-injection 116.0 5 51.4 3 34.6 6 11.2 5 
6 Post-injection 120.1 6 78.3 5 32.1 5 21.5 6 
Group IT, cow no.: 
Day Type 242 258 307 174 
lb2 Ib? Rank lb2 Rank Rank 
q Pre-injection 16.4 4 17.1 + 10.9 3 5.4 5 
2 Pre-injection 13.9 3 11.4 3 17.8 t 2.2 3 
3 Injection 1.2 - 0.7 1 0.1 5 0.2 1 
+ Intef-injection 100.7 5 59.9 5 25.6 6 4.3 4 
5 Injection 2.7 2 2.6 2 0.8 2 ‘ae 
6 Post-injection 121.7 6 217.6 6 20.1 5 6.2 6 


*Sums of the squares of the deviations of the pounds of milk of the 10 non-tran- 
sitional milkings from the corresponding averages were used to indicate the variability in 
the pounds of milk. 


to milking on injection days than on pre-injection days, and generally more 
variable on post-injection days than on pre-injection or inter-injection days. 

Table 5 gives the value of the sum of squared deviations of the milk yields 
of each cow for the ten non-transitional milkings from the average yield of 
these milkings on the day concerned. The relative ranks of the six figures 
for each cow also are given. The measures of milking-to-milking variation 
of milk production clearly are consistent with the visual impression obtained 
from examination of figure 1; they are extremely small for injection days 
and extremely large for post-injection days. Without further statistical 
analysis, it is clear that injection results in a significant reduction in milking- 
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to-milking variation of milk production and a significant increase in varia- 


bility on days following injection. 
Level of per cent of fat. The per cent fat of the milk produced by each 
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Fie. 2. The per cent fat of the milk of each cow on each of the twelve daily milkings 
on each of the 6 days of the experimental period. 


cow on each of the 12 daily milkings during the 6-day experimental period 
is shown in figure 2. The per cent of fat of the milk produced on the first 
two (or three) milkings of an injection period generally was above average, 
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with the per cent fat on the first injection milking generally the highest, 
except for cows of Group II on their second injection day. The per cent fat 
of milk produced on a day immediately following an injection day tends to 
be less than the per cent fat produced on either an injection day or on a pre- 
injection day. , 

Table 6 gives the per cent fat of the milk produced by each cow on the 
ten non-transitional milkings (i.e., excluding the first two ‘‘transitional’’ 
milkings) of each day of the experimental period. The relative ranks of the 
six figures given for each cow also are shown. The pattern of ranks for the 


TABLE 6 


Per cent of fat of milk produced (exclusive of the two ‘‘transitional’’ milkings) 
by each cow on each day of the experimental period 


Group I, cow no.: 
Day Type 228 282 290 190 
% Rank % Rank % Rank % Rank 
1 Pre-injection 3.40 qd 3.41 3 3.57 4 4.06 5 
2 Injection 3.28 3 3.59 4 3.43 3 3.78 3 
3 Inter-injection 2.38 1 2.41 2 2.74 2 3.16 2 
4 Injection 3.55 5 3.87 6 3.60 5 3.95 4 
5 Post-injection 2.39 2 1.58 : 2.20 1 1.86 1 
6 Post-injection 3.73 6 3.79 5 3.95 6 4.53 6 
Group IT, cow no.: 
Day Type 242 258 307 174 
% Rank % Rank % Rank % Rank 
1 Pre-injection 3.55 5 3.43 5 3.79 5 3.36 3 
2 Pre-injection 3.32 4 3.41 4 3.54 3 3.59 4 
3 Injection 3.27 3 3.35 3 3.65 4 3.63 5 
4 Inter-injection 2.15 2 2.06 2 2.66 2 1.80 2 
5 Injection 3.87 6 3.93 6 4.51 6 3.97 6 
6 Post-injection 2.08 1 1.75 z 1.91 1 1.28 1 


| 
| 


| 
| 


cows of Group I and Group II differs from random arrangements, to extents 
that are significant at the 0.01 probability level. A common feature of the 
rank patterns for these two groups of cows is the extreme below-average rank 
of the per cent fat produced on a day immediately following an injection 
day. A contrasting feature, common to both groups, is the above-average 
rank of per cent fat produced on the second injection day. Examination of 
graphs of per cent fat per milking for each cow on each day of the experi- 
mental period (fig. 2) indicates the presence of considerable variation in per 
cent fat from milking to milking within a day. 

Sums of the squares of the deviations of the per cent fat of the ten non- 
transitional milkings from the corresponding averages were used to indicate 
the variability in per cent of fat among the pre-injection, injection, and post- 
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TABLE 7 
Measures of the variability* of the per cent fat of the milk produced on each 
milking (exclusive of the two ‘‘transitional’’ milkings) by each 
cow on each day of the experimental period 


Group I, cow no.: 
Day Type 228 282 _ 290 190 
%*? Rank %*? Rank %*? Rank %? Rank 
1 Pre-injection 5.77 6 14.52 6 1.32 2 1.06 3 
2 Injection 2.25 3 2.45 3 2.04 4 0.48 2 
3 Inter-injection 1.84 2 2.82 4 2.32 5 5.43 5 
+ Injection 1.20 1 0.90 1 1.13 1 0.40 1 
5 Post-injection 2.46 4 1.58 2 1.54 3 2.76 a 
6 Post-injection 5.38 5 7.48 5 7.10 6 24.74 6 
Group IT, cow no.: 
Day Type 242 258 307 174 
%*? Rank %*? Rank %*? Rank %*? Rank 
| Pre-injection 2.22 + 2.90 3 2.37 4 5.90 6 
2 Pre-injection 0.80 1 2.09 2 0.22 1 2.32 3 
3 Injection 1.28 2 0.72 1 , 1.22 2 2.58 4 
4 — Inter-injection 1.49 3 4.02 5 6.15 5 1.52 1 
5 | Injection 5.72 6 5.72 6 8.70 6 5.42 5 
6 | Post-injection 3.50 5 2.96 4 1.66 3 1.70 2 


* Sums of the squares of the deviatians of the per cent fat of the 10 non-transitional 
milkings from the corresponding averages were used to indicate the variability in per cent 
of fat. 


TABLE 8 


Total fat produced by each cow each day (exclusive of the two ‘‘transitional’’ 
milkings) during the experimental period 


Group I, cow no.: 
Day Type 228 282 290 190 
lb. Rank lb. Rank| Rank lb. Rank 
1 Pre-injection 1.02 3 1.20 3 0.91 3 0.46 2 
2 Injection 1.15 a 1.35 5 0.92 t 0.48 3 
3 Inter-injection 0.81 1 1.00 2 0.74 2 0.57 + 
a Injection 1.37 6 1.65 6 1.11 5 0.72 6 
5 Post-injection 0.95 2 0.49 1 0.61 1 0.27 1 
6 Post-injection 1.25 5 1.31 4 1.12 6 0.68 5 
Group II, cow no.: 
Day Type 242 258 307 . 174 
lb. Rank lb. Rank lb. Rank lb. Rank 
1 Pre-injection 1.42 4 1.27 3 1.01 5 0.48 3 
2 Pre-injection 1.44 5 1.35 0.94 + 0.535 =5 
3 Injection 1.39 3 1.34 4 0.93 3 0.527 4 
+ Inter-injection 0.810 1 0.81 2 0.65 2 0.23 2 
5 Injection 1.79 6 1.83 6 1.23 6 0.67 6 
6 Post-injection 0.813 2 0.74 1 0.43 1 0.16 1 
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injection days. These measures of variation are presented in table 7 with 
the relative ranks of the six measures for each cow. The pattern of ranks 
for Group I and Group II differs from random arrangements to extents that 
are significant at the 0.01 and 0.05 probability levels, respectively. 

Table 8 gives the total fat produced by each cow in the last ten milkings 
of each day of the experimental period, together with the relative ranks of 
the six figures given for each cow. The pattern of ranks of Groups I and II 
are very similar to the corresponding patterns for per cent fat given in 
table 6. Cessation of injections was followed by a slump in fat production, - 
followed by a high on the second day after injection. 


TABLE 9 
Measures of the variability* of the total fat produced on each milking 
(exclusive of the two ‘‘transitional’’ milkings) by each cow 
on each day of the experimental period 


Group I, cow no.: 
Day Type 228 282 290 190 
lb Rank lb. Rank lb? Rank lb.2 Rank 
1 Pre-injection 0.0198 3 0.0569 4° 0.0022 1 0.0022 3 
2 Injection 0.0165 2 0.0028 1 0.0050 3 0.0007 2 
3 Inter-injection 0.0564 4 0.0980 5 0.0125 4 0.0204 5 
4 Injection 0.0027 1 0.0036 2 0.0023 2 0.0002 1 
5 Post-injection 0.0822 5 0.0138 3 0.0230 5 0.0034 4 
6 Post-injection 0.2013 6 0.1549 «6 0.0783 6 0.1408 6 
Group IT, cow no.: 
Day Type 242 258 307 174 
lb.2 Rank lb2 Rank lb2 Rank Rank 
Pre-injection 0.0212 3 0.0195 0.0215 4 0.00486 5 
2 Pre-injection 0.0266 4 0.0156 2 0.0224 5 0.0033 4 
3 Injection 0.0041 1 0.0017 1 0.0010 1 0.0007 1 
4 Inter-injection 0.0513 0.0402 0.0257 6 0.0023 3 
5 Injection 0.0161 2 0.0208 4 0.0095 2 0.00490 6 
6 Post-injection 0.1043 «6 0.0941 6 0.0160 3 0.0011 2 


* Sums of the squares of the deviations of the pounds of fat of the 10 non-transitional 
— from the corresponding averages were used to indicate the variability in pounds 

Table 9 gives for total fat the values of the measure of within-day varia- 
bility (excluding the two transitional milkings) adopted in connection with 
per cent fat and total milk. In the case of total fat, however, the tendency 
for the variability to be below average on injection days and high on post- 
injection days is somewhat better defined than in the case of per cent fat, 
where no common feature presents itself. 


DISCUSSION 


Milking cows normally at 2-hour intervals resulted in extreme milking- 
to-milking variability in production. These results indicate that the cows 
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were ineapable of responding at 2-hour intervals to the normal stimulus of 
milking by a ‘‘let-down”’ of milk. The milking-to-milking variability of pro- 
duction was greatly reduced when oxytocin was used to facilitate a ‘‘let- 
down’’. 

Conelusions drawn by Ragsdale et al. (8), Garrison and Turner (4), and 
Gasnier et al. (5) may be in error if a ‘‘let-down’’ cannot be elicited at 0.5- 
1-, and 2-hour intervals, as multiples of production obtained at those inter- 
vals would not give a true trend of milk secretion over longer periods. The 
first milking on an injection day, with one exception, exceeded the maximum 
production of any of the other milkings of the same day, which indicates that 
all the milk being produced is not removed when cows are milked at short 
intervals without the use of oxytocin. 

Turner (11) postulates that the pressure due to the accumulation of milk 
within the lumina of the alveoli becomes sufficiently great to prevent the 
normal excretion of milk by rupture of the cell membrane. At high pres- 
sures, only those constituents of milk which are permeable to the cell mem- 
branes pass out of the cells into the lumen of the alveolus. The fat globules 
which are in suspension are retained in the cells. According to Turner, this 
theory explains the decrease in the per cent of fat concomitant to a length- 
ened milking interval, and the increase in per cent of fat in advanced lacta- 
tion and milk strippings. If this theory is correct, the milk produced at 
short milking intervals at a low alveolar pressure should contain a higher 
per cent of fat than milk produced at longer milking intervals. In our 
experiments the per cent of fat, with one exception, was least during the 12- 
time-a-day milking period, when according to Turner’s theory the per cent 
of fat in the milk should have been highest. However, the daily fat produc- 
tion was greatest with two exceptions during the 12-time-a-day period as a 
result of an increased flow of milk and not an increase in per cent of fat. 

The data indicate that milk secretion proceeds at a uniform rate when 
cows are milked at 2-hour intervals, which verifies the results obtained by 
Shaw (9). However, at variance with Shaw’s data was an increase in total 
milk and fat production by a more frequent removal of milk. 


SUMMARY 


A complete removal of accumulated milk was not obtained at each 2-hour 
milking interval when cows were milked normally, resulting in variable pro- 
duction from milking to milking. 

Injections of 10 I.U. of oxytocin just prior to each 2-hour milking interval 
greatly decreased the milking-to-milking variability of production. 

When cows were milked 12 times a day, total fat production, with two 
exceptions, was greater than in the pre- and post-experimental periods when 
the cows were milked twice daily. The yield of non-fat milk constituents 
showed an even greater increase, resulting in a lowered percentage of fat, 
with one exception, during the experimental period. 
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THE AMOUNT OF DDT FOUND IN THE MILK OF COWS 
FOLLOWING SPRAYING'* 


D. E. HOWELL, H. W. CAVE, V. G. HELLER, anp W. G. GROSS 


Departments of Entomology, Dairying, and Agricultural Chemistry Research, 
Oklahoma Agricultural Experiment Station, Stillwater 


When it was shown that DDT may be absorbed through the skin of ani- 
mals (2, 5) and that animals fed massive doses of this material produced 
milk containing toxic doses of DDT (1, 6, 7), considerable interest was 
created in the possibility that cows sprayed with this insecticide for fly 
control might produce milk containing toxic amounts of DDT. To test this 
hypothesis a cooperative experiment was planned to show the effects of very 
heavy spraying and also the effects of the spraying schedule suggested for 
hornfly control in this area. 

Sixteen cows were selected from the Experiment Station Dairy Herd in 
such a way that no two experimental cows stood side by side. They were 
divided into four lots, each containing two Holsteins and two Jerseys. Ex- 
cept for the spraying, experimental cows were handled in the same manner 
as the regular milking herd. No precautions were taken to prevent the 
animals from obtaining DDT by licking themselves or other test animals. 
The test animals were not segregated from the rest of the herd and were 
pastured, except during milking hours. Milk used as the control was se- 
cured from cows stanchioned in another section of the dairy barn. The 
udders of all cows were thoroughly washed before milking with a solution 
containing 200 p.p.m. available chlorine. The entire herd had been sprayed 
with 0.25 per cent DDT 2.5 months preceding the initial experimental 
spraying. 

Lot I was sprayed daily with 2 quarts of 5 per cent water suspensible 
DDT spray per animal and lot II with 2 quarts of 1 per cent emulsion. 
(This latter lot was sprayed with 5 per cent emulsion for the first 4-days 
but it became necessary to decrease the concentration to avoid further 
“‘burning’’ by the solvent.) Lots III and IV were sprayed on the same 
day every other week with 2 quarts of 0.25 per cent DDT spray. Material 
for lot III was made of water suspensible powder and that for lot IV of an 
emulsion. All spraying was done with a 3-gallon compressed-air sprayer 
after the evening milking. An attempt was made to cover the entire animal 
each time. Spraying was started July 15 and discontinued August 30. 

Milk samples were taken in the evening directly from the milking ma- 
chine and were transferred to the Department of Agricultural Chemistry 
Research, where they were analyzed for DDT content. The samples of milk 
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were stored in a refrigerator and the DDT separated from the milk and con- 
centrated by a slight modification of the method of Schechter et al. (3). 
The color was developed by the procedure set forth by Schechter et al. (4). 
Color densities were determined in the earlier samples by using the Bausch 
and Lomb colorimeter. The later determinations were made with the Cole- 
man spectrophotometer at 596 mp. In every case milk free from DDT and 
milk containing known amounts of DDT were run as controls. Samples 
were taken at weekly intervals. 

To obtain a more comprehensive picture of the elimination of DDT 
through the milk, a single animal, no. 17, was sprayed and sampled daily. 
The spray used was composed of 2 quarts of 5 per cent water suspensible 
DDT. This animal was sprayed first on August 10 and sprayed last on 


August 30. 


TABLE 1 
Amounts of DDT appearing in the milk of cows sprayed with DDT 
— 2. Cone. Interval Max. amt. Duration of 
eas Type of DDT DDT between | DDTinmilk | DDT elimina- 
(%) spraying in p.p.m. tion in milk> 
Jersey Wettable powd. 5.0 Daily 20 126° 
2 Holstein | Wettable powd. 5.0 Daily 18 21 
3 Jersey Wettable powd. 5.0 Daily + ie 
4 Holstein | Wettable powd. 5.0 Daily 
5 Jersey Emulsion 1.04 Daily 19 56 
6 Holstein | Emulsion 1.04 Daily 19 56 
7 Jersey Emulsion 1.04 Daily + re 
8 Holstein | Emulsion 1.04 Daily + : 
9 Jersey Wettable powd. 0.25 14 days 1.5 21 
10 Holstein | Wettable powd. 0.25 14 days | Trace 7 
11 Jersey Wettable powd. 0.25 14 days | + 
12 Holstein | Wettable powd. 0.25 14 days | + 
13 Jersey Emulsion 0.25 14 days | 2.5 21 
14 Holstein | Emulsion 0.25 14 days 0.20 7 
15 Jersey Emulsion 0.25 |. 14 days + | i 
16 Holstein | Emulsion 0.25 14 days + 
17 Jersey Wettable powd.c 5.0 Dailye 33.6 119f 


a Sprayed from July 15 to August 30. 

b The time in days elapsing between the initial positive analysis and the first negative 
one. 

¢ Milk from this animal was analyzed daily for DDT. 

4 During the first 4 days these animals were sprayed with 5% DDT but it then was 
necessary to drop the concentration to 1% to avoid further injury. 

e Sprayed from August 10 to August 30. 

f End of lactation period. 


RESULTS 


Milk samples collected from experimental cows 3 and 10 days after spray- 
ing were entirely negative for DDT. All samples taken the seventeenth day 
after spraying was started were positive to qualitative tests, but no quanti- 
tative tests were run.? The following week quantitative tests indicated that 

2 To reduce the volume of chemical work, milk was analyzed from only one Holstein 
and one Jersey of each lot of cows after it was shown that the milk of all experimental 
animals contained DDT. 
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animals sprayed with 1 per cent emulsion were giving off 18 to 19 p.p.m. of 
DDT in the milk, while those sprayed with 5 per cent wettable powder pro- 
duced milk containing 5-12 p.p.m. Animals sprayed with 0.25 per cent 
showed less than 1 p.p.m. The maximum concentration of DDT, 33.6 p.p.m., 
appeared in the milk 20 days after spraying started. At the end of their 
lactation period, 119 and 126 days after the final spraying, two cows still 
were giving off appreciable quantities of DDT. Samples of milk collected 


TABLE 2 


Parts per million of DDT appearing in milk of cow sprayed daily with 
2 quarts of 5 per cent DDT 


Date Aug. Sept Oct. Nov. Dee 
24.2 4.0 3.4 Trace 
16.9 3.7 3.9 2.1 
ee a 14.9 2.8 4.6 2.8 
| 12.6 2.6 4.0 2.1 
11.2 3.8 4.2 2.9 
8.7 3.1 3.8 2.9 
9.4 2.4 3.1 2.8 
We 7.5 3.3 3.4 2.8 

7.0 1.8 4.8 2.8 
6.0 3.3 4.2 3.0 
8.1 2.1 5.0 2.6 
13 3.2 1.9 
14 7.5 1.7 
16 2.0 5.4 2.5 3.1 1.8 
17 3.0 7.8 1.3 a 
18 2.9 4.6 1.8 a 
19 2.9 4.2 1.2 1.2 1.3 
20 10.1 2.1 2.0 Sx 
21 8.5 2.9 1.1 
22 15.0 2.8 1.4 
23 6.3 2.2 1.7 i 
24 8.1 3.1 1.4 2.6 

25 11.6 2.9 2.0 a 
26 8.4 2.6 1.0 4.3 

27 8.0 3.4 2.5 4.1 en 
28 5.3 3.0 3.2 
29 18.5 4.4 2.7 2.7 

30 33.68 3.5 2.2 


a Spraying discontinued. 


from one cow immediately after calving and 24, 48, 72, and 168 hours later 
were negative for DDT.* Under the conditions of the experiment, the milk 
produced by Jerseys generally contained more DDT than that of the Hol- 
steins. The details of this experiment are shown in table 1. 

Table 2 shows the results of the detailed experiment involving a single 
cow sprayed and sampled daily. Six days after the initial spraying, 2 p.p.m. 
of DDT were found in the milk. Two weeks later 33.6 p.p.m. were found. 

3 This animal ealved 217 days after her last spraying. 
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While spraying was in progress, analyses varied widely, perhaps due to con- 
tamination. After spraying was stopped, results were more uniform. More 
DDT appeared in the milk during the third month after spraying was 
stopped than during the second month. 


BIOLOGICAL TESTS 


Milk from test cows showing the highest quantity of DDT was fed to 12 
young mice. They were forced to consume as much as possible by mixing 
all food with the milk and supplying this milk as the only liquid to drink 
for a period of 4 months. No demonstrable differences were noted in the 
test mice or their progeny when compared with control mice fed in a similar 
manner using normal milk. 

Third instar larvae of mosquitoes, Aedes aegypti (Linn.) and Culex 
quinquifasciatus Say, were placed in dilutions of milk from cow no. 17 when 
it was showing the largest amounts of DDT. Larvae in both check and test 
milk were unable to live unless the concentration of milk was reduced below 
50 per cent. . Below this point larvae developed normally in both test and 
check series, and no evidence of DDT toxicity was noted. In addition, 
known amounts of DDT in acetone were added to milk diluted to half 
strength with water. The mixture then was homogenized to decrease the 
smothering effect due to the cream. No toxicity to larvae was noted in 
mixtures containing below 20 p.p.m. while above 50 p.p.m., all larvae were 
killed. In water, less than 0.1 p.p.m. kills all mosquito larvae. Little dif- 
ference was noted in the susceptibility of Aedes aegypti and Culex quinqui- 
fasciatus. 

Milk from cow no. 17 was supplied to cages of flies and mortality determi- 
nations were made after 72 hours. The death rates in the check cages were 
slightly higher than in the control lot, but no typical symptoms of DDT 
poisoning were found. Flies fed milk to which 50 p.p.m. DDT had been 
added lived slightly longer than flies from the same lot fed untreated milk. 


DISCUSSION 


Since it was the purpose of these experiments to demonstrate the amount 
of DDT that might appear in the milk of cows as the result of spraying, no 
precautions were taken to prevent the cows from licking themselves or other 
test animals. The data accumulated suggest that very small amounts of 
DDT may appear in the milk even though minimum spray schedules are 
followed. If very heavy applications are used, as much as 33.6 p.p.m. may 
be found in the milk at times. However, biological tests with mice, mosquito 
larvae, and flies suggest that even maximum amounts do not cause appreci- 
able toxicity. When large quantities are used, DDT apparently is stored | 
in the cow’s body and eliminated in the milk for extended periods. 

Biological tests have failed to demonstrate toxicity in milk from cattle 
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sprayed with DDT, even though they were treated with many times the 
amount that normally would be used for arthropod control. Excessive 
amounts of emulsion caused irritation, but no injury was noted in cattle 
sprayed with the same concentration of wettable powder DDT spray. 


SUMMARY 


Four lots of cattle were sprayed with DDT to determine the amount of 
this material that may appear in the milk following recommended and 
excessive treatment. 

All animals tested excreted some DDT in the milk. 

Animals sprayed with excessive amounts continued to eliminate DDT 
until the end of their lactation period, 119 and 126 days after the final 
spraying, but none after freshening. 

Biological tests for toxicity of the milk to mice, mosquito larvae, and 


flies were negative. 
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THE EFFICIENCY OF THE FARM-SIZE MECHANICAL 
“SEPARATOR IN WITHHOLDING EXTRANEOUS 
MATTER FROM CREAM*? 


T. J. CLAYDON 
Kansas Agricultural Experiment Station, Manhattan 


The problem of extraneous matter in farm-separated cream is becoming 
increasingly important. In order to develop effective control measures, 
information is needed on the amount of contamination occurring at the 
various stages of production and marketing of cream. The possible sources 
of contamination of milk are fairly well established. The first stage of 
study on sources of sediment contained in cream when it arrives at the 
creamery would seem to be as the cream comes from the separator. The 
centrifugal action of the mechanical cream separator bowl together with 
the accumulation of separator slime during the separation process raised 
the question regarding the efficacy of the separator as a means of removing 
extraneous matter from cream during the separation process. The ques- 
tion also arises as to whether the mechanical cream separator will remove 
some types of material and not others. The amount of sediment found 
in cream as it comes from the separator will indicate whether primary 
emphasis should be placed on production practices prior to separation or 
on later stages of handling, if cream relatively free from sediment is to 
be obtained. 

Boxell (1) has reported that cream obtained by mechanical separation 
on the farm had a lower sediment content on arrival at the creamery than 
did cream obtained by other methods. Experimental trials by the Re- 
search Committee of the American Butter Institute (5), in which split 
lots of the same milk were separated by mechanical separation, water dilu- 
tion, and hand skimming, showed that the cream obtained by the different 
methods gave sediment tests scoring 1, 2, and 2+, respectively, by the 
American Butter Institute cream sediment standard (1946). In spite of 
the long-time,extensive use of mechanical cream separators on farms and 
the relatively long existence of the sediment problem in cream, no other 
published experimental data pertinent to the problem have been found. 

Differences of opinion on the subject are indicated by the fact that a 
representative of one of the large manufacturers of cream separators (4) 
stated that the mechanical cream separator should not be expected to be an 
effective means of removing extraneous matter from cream. On the other 
hand, Judkins and Mack (3), in listing the advantages of the farm-size 
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mechanical separator, state in their textbook that the cream is free from 
dirt because the separator acts as a clarifier. The objectives of the experi- 
ments herein reported were to determine the effectiveness of mechanical 
cream separation in preventing sediment in the milk from entering the 
cream under varying conditions and with different kinds of extraneous 
matter. 

METHODS 


In the laboratory trials two makes of farm-size, power-driven separa- 
tors were used; one had a capacity of 800 lb. per hour and the other of 
750 lb. per hour. The separators were washed, assembled, and flushed with 
warm water immediately prior to each use except in trials otherwise speci- 
fied. Approximately 40 lb. of whole milk were used for most trials, since 
this amount was considered about average for Kansas cream-producing 
farms. Occasionally, larger quantities were separated as indicated. The 
milk was warmed to about 100° F., sampled for sediment testing, and 
separated. The milk sample was not taken in the customary off-the-bottom 
manner used on receiving platforms, but was obtained by stirring thor- 
oughly and taking a pint sample. Where considerable farm contamination - 
was present, no additional material was added to the milk; but when the 
milk was relatively clean, various amounts of dust, soil, manure, and com- 
binations thereof were added prior to separation. One quart of sediment- 
free water was used to flush the separator bowl after separation was com- 
pleted, by pouring the water into the supply tank. In some of the trials 
the flush water from the cream spout was collected separately, not being 
allowed to enter the cream. Slightly over 4 pints of cream and about 
one-half pint of cream flush were obtained from each separation. After 
separation, the separator parts were examined to determine where the 
extraneous material was lodged. With a few exceptions, sediment tests 
were made on 2 ounces, 1 pint, and 3 pints of the mixed cream, and on the 
cream flush when the latter was collected separately. The 2-ounce quantity 
was used since it is the one commonly tested in cream stations and is the 
amount upon which the American Butter Institute cream sediment stand- 
ards (1946) are based. The 1-pint quantity was used because it is the 
amount often employed in plant tests and regulatory examinations. The 
3-pint quantity represented most of the remaining cream from 40 Ib. of 
milk and permitted a more critical evaluation of the amount of sediment 
in the cream. Standard 1}” lintine sediment test dises were used with a 
laboratory suction filtering device. Since the cream was sweet, only warm 
water was required to assist filtering. Sediment pads were examined both 
with and without the wide field microscope and scored according to the 
following modification of the American Butter Institute cream sediment 
standards, using plus or minus signs to indicate variations. 
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American Butter Institute cream sediment score: 1 : 2 : 3 


Corresponding scores used in this study 


To determine the situation under field conditions, samples were ob- 
tained at five cream-producing farms. In these farm trials the separator 
was prepared and operated by the producer. The milk was sampled from 
the separator supply tank into which it usually was strained. Two-ounce 
and 1-pint samples of the mixed cream were obtained for sediment testing. 
The flushing was done by the producer in his usual manner. Both milk 
and cream samples were sediment tested on the farm with one of the com- 
mon types of cream sediment testers, warmed filtered water from the labo- 
ratory being used on the cream. Generally, the water used for flushing 
also was tested for sediment. Information was obtained relative to the 
age and general condition of the separator and the amount of milk sepa- 


TABLE 1 


Efficiency of the farm-size mechanical separator in withholding extraneous matter 
: from cream 


(Laboratory trials with the cream flush collected separately) 


Sediment score 
Lb. Material 
Trial | milk added Cream 
used to milk 
1 pint 2 oz. 1 pint | 3pints | 4 pint 
2 40 None 5 1 1 3 3 
3 250 None 9 1 1 oo 
5 600 None 4 1 1 | 2 | 2 
6 40 0.1 g. road 
dust 4 | 5 2 
40 0.1 g. road 
dust 7 1 1 3 4 
8 40 0.15 g. dry 
manure 5 8 
9 40 0.05 g. dry 
manure 5 6 
10 40 0.2 g. fresh 
manure 8 1 2 5 3 
1it 40 0.2 g. fresh 
- manure 8 1 2 5 5 
12¢ 40 0.2 g. fresh 
: manure 8 2 5 5 5 
13 40 0.1 g. soil - 9 1 2 3 5 
14t 40 0.1 g. soil ig* 3 3 5 7 
15t 40 0.1 g. soil 13* 3 5 7 7 
APPTOX. BV. BOOTS 9- 1+ 3- 5 5- 
Approx. A.B.I. score§$ ............ 3+ 1- 1 2 2 


* Score approximated. 

t Separator unwashed from previous trial (1 day). 

¢ Separator unwashed from two previous trials (2 days). 

§ American Butter Institute cream sediment standard (1946). 
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rated. The sediment pads were examined and scored by the method pre- 
viously mentioned. 
RESULTS 


Results of laboratory trials in using mechanical separation as a means 
of withholding extraneous matter from cream when various amounts and 
types of material had been added to the milk are shown in table 1. In the 
trials involved, the flush water from the cream spout was collected and 
tested separately. Milk with high sediment scores purposely was used to 


LABORATORY 
SEPARATION 


COURSE SOIL 
ADDED 


LABORATORY 
SEPARATION 


FINE SOIL 
ADDED 


FARM 
SEPARATION 


MILK CREAM CREAM CREAM CREAM 
202. IPINT 3PINTS FLUSH 


Fig. 1. Sediment tests of milk, cream, and cream flush from representative separa- 
tion trials. 


evaluate under extreme conditions the efficiency of the mechanical separa- 
tion process in withholding extraneous matter. _Thirteen lots had a sedi- 
ment score equivalent to 3 or more by the American Butter Institute stand- 
ard and would have been reject milk on the basis of sediment. The 
approximate average score was 9— by the modified score used in this study 
and 3+ by the A.B.I. standard. 

When sediment tests were made on the cream, the amount obtained 
from a 2-ounce sample was very small and usually was evident only on close 
macroscopic inspection, the average score being 1+ by the system used in 
this study and 1— by the A.B.I. standard. As would be expected, the 
larger samples had a higher sediment score, the 1-pint samples averaging 
3-—(A.B.I. score 1) and the 3-pint samples averaging 5 (A.B.I. score 2). 


s 
ey 
; 
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Considering the high sediment content of the milk used in these laboratory 
trials, with the flush water withheld from the cream, the results would seem 
to justify the conclusion that the mechanical separator was relatively 
effective in withholding from cream most of the sediment present in the 
milk. It resulted in cream of acceptable sediment score by prevailing 
standards. Representative results are shown in figure 1. 

The 15 lots of milk involved in these laboratory trials included five 
lots to which no additional extraneous matter was added, two lots to which 
road dust was added, two lots to which dry manure was added, three lots 
to which fresh manure was added, and three lots to which light soil was 
added. Although comparison among trials using the same type of material 
was possible, it was difficult to make comparisons between trials with 
different types of sediment because of the difference in amounts used and 
the variation in size and number of particles involved. In general, how- 
ever, when the added material contained a high proportion of large-sized, 
light weight particles (chaff, dried manure, and leaf fragments), more 
sediment escaped into the cream, while the heavier particles (sand, clay, 
and coal dust) were withheld. 

As separator slime accumulates in the bowl, the separator conceivably 
might become less effective in withholding extraneous matter from the 
cream. To investigate this factor, three larger lots of milk (250, 350, and 
600 Ib. in trials 3, 4, and 5, respectively) with considerable farm contami- 
nation were separated and cream samples were obtained toward the end 
of the separation process. The sediment scores on the cream samples thus 
obtained were not significantly different from those in other trials where 
samples were taken from thoroughly stirred, entire lots of cream obtained 
from the separation of 40-lb. quantities of milk. The large quantities of 
high sediment-content milk used, which would represent the extreme ir 
volume that might be expected under farm conditions, were not sufficient 
to cause enough accumulation of sludge in the bowl to impair the separator 
efficiency in removing extraneous matter. While cow hairs usually were 
present in the farm-contaminated milk, they rarely were found in the 
cream or cream flush samples tested for sediment. Hairs were found in the 
bowl sludge chamber; in instances where the hair contamination in the 
milk had been heavy, some were found near the cream ports in the lower 
dises. F 

To determine whether failure to wash the separator affects its efficiency 
in removing extraneous material, trials were conducted in which the same 
separator was used both clean and unwashed. Equal amounts of milk with 
specific amounts of added contaminating material were used (trials 10 to 
15). After using the clean separator it was left unwashed one day before 
the next trial, and then left unwashed an additional day before using it 
again. Under the conditions of these trials the increases in the sediment 


Xt 
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seores of the cream samples were not as marked as might be expected. It 
was noted that a slight amount of rust was expelled into the cream after 
the separator had remained unwashed and assembled. Rusted spots were 
evident in the machine when it was dismantled. 

As previously mentioned, in the above trials the flush water expelled 
through the cream spout was kept separate from the cream. The sediment 
- seore of this cream flush was related to the sediment score of the original 
milk and to a lesser extent to the sediment score of the cream. The average 
score of the flush was 5— (A.B.I. score 2) which was about the same score 
as on 3 pints of cream, although the cream flush involved only about one- 
half pint. Thus, on the basis of comparative volume, the cream flush con- 
tained about six times as much sediment as the cream. 


TABLE 2 


Efficicney of the farm-size mechanical separator in withholding extraneous 
mattcr from cream 


(Laboratory trials using 40 Ib. milk with the cream flush collected in the cream) 


Sediment score 
Trial* Whole milk Cream 
1 pint 2 oz. 1 pint 3 pints - 
1 7 1 2 4 
2 6 1 1 4 
3 6 1 2 5 
4 7 1 2 3 
5 6 1 2 3 
Approx. av. 6+ 1 2 4- 
Approx, A.B.I. 
score | 2+ 1- 1 2- 


* In trials 1, 2, and 3, 0.15 g. of soil-manure mixture was added to each lot of milk. 
In trials 4 and 5 the milk contained only the original contamination. 

In five trials (table 2) in which the cream flush was allowed to enter the 
cream, the average sediment score of 2-ounce samples was 1 (A.B.I. score 
1-—), of 1-pint samples it was 2 (A.B.I. score 1), and of 3 pints it was 4- 
(A.B.I. seore 2—). These results compare favorably with those reported 
in table 1, in which the cream flush was kept separate from the cream, but 
the sediment score of the milk used was uniformly better. Although the 
eream flush apparently was not of sufficient volume to change materially 
the sediment score of the cream, the excessively high sediment content of 
the cream flush as shown in table 1 would indicate that withholding it from 
the cream would be of definite advantage in keeping sediment out of cream. 

Since observations in previous trials had indicated that the separator 
removed most of the cow hairs present in the milk, seven laboratory trials 
were conducted to determine the efficiency of the separator in withholding 
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rodent hairs added to the milk, because of the possibility of this type of 
contamination on the farm (2) (table 3). The degree of contamination of. 
the milk and the cream was measured by counting the number of rodent 
hairs found on the sediment pads. The results showed that the separator 
definitely was effective in withholding rodent hairs from the cream, but an 
occasional hair was found in the larger samples, indicating that some may 
escape into the cream. Assuming the number of hairs found in the pint 
samples of milk to be representative, there would be an average of about 
360 hairs in the 40-lb. lots of milk separated. Since practically all the 
eream from each lot of milk was used in the three different sediment tests 


TABLE 3 


Efficiency of the farm-size mechanical separator in withholding rodent hairs from cream 
(Laboratory trials with rodent hairs added to 40 lb. of milk before separating) 


No. of rodent hairs on sediment pads 


Trial Whole milk Cream Cream flush 
1 pint 2 oz. 1 pint 3 pints 4 pint 
Cream flush collected separately 
2 6 0 0 0 1 
3 8 0 0 2 1 
Ay. 12 0 0 1 <1 
Cream flush collected in cream 
4 6 0 1 
5 11 0 0 
6 4 0 0 1 
7 5 0 0 1 
Av. 6 0 


on the cream, it may be concluded that the separator removed better than 
95 per cent of the hairs. In the three trials where the cream flush was kept 
separate from the cream, the number of hairs in the flush was not markedly 
different from that in the cream. Also, the number of hairs found in 
eream which included the cream flush was little different from that in the | 
cream where the flush was held separately. Examination of the interior 
of the separator bowl showed the hairs to be entrapped in the sludge cham- 
ber. These results would indicate that rodent hairs found in farm-sepa- 
rated cream would consist primarily of.contamination after separation. 

The preceding studies of the efficiency of the cream separator in re- 
moving various types of extraneous matter were conducted under more ideal 
conditions than generally would be found on the farm. Therefore, eight 
farm trials were made as a check against the laboratory findings. The sepa- 
rators were of smaller capacity than those used in the laboratory, and ranged 
from 4 to 8 vears of age. In each instance they had been washed since 
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previous use. The milk separated generally was cleaner than that selected 
for use in the laboratory. 

In the farm trials the separator again had a considerable clarifying effect 
on the cream (table 4). In one trial, rodent-type hairs were found in the milk 
but none was found in the cream samples tested. However, the removal of 
sediment in the farm trials was not so complete as in the laboratory trials. 
Considering the better quality of milk involved, this suggests the need for 


TABLE 4 


Efficiency of the farm-size mechanical separator in withholding extraneous 
matter from cream 


(Farm trials) 


Sediment score 
. Approx. Whole Cream Flush 
eae Ib. milk milk Cream flush water 
1 pint 2 oz. 1 pint 4 pint 1 pint 
Cream flush collected separately 
1 40 8 4 4 
2 15 2 1 1 3 5 
3 40 5 1 2 t 6 
4 70 6 2 2 
Approx. av. 40 5+ 2 2+ 4- 5+ 
Approx. A.B.I. 
score 2 1 1 2 2 
Cream flush collected in cream 
5 45 6 2 
6 40 6 3 ae, ae 3 
7 30 1 2 6 
8 40 4 2 + 4 
Approx. av. 40 44+ 2+ + 5 
Approx. A.B.I, 
score 2- 1 2 2 


careful attention to separating conditions to obtain best results. The cream 
flush contained considerably more sediment than the cream portions, con- 
sidering the volume involved, but generally less than the cream flush in the 
laboratory trials. The influence of collecting the cream flush in the cream 
was most marked in the pint samples, resulting in about twice as much sedi- 
ment as when the flush was withheld. The sediment score on the water used 
for flushing was higher than on the cream and about the same as on the 
original milk. This may have had an influence on the increased sediment 
content of the pint samples when the cream flush was included. Neverthe- 
less, under farm conditions the cream from the separator was reasonably 


» 
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clean as measured by the sediment test on the commonly used 2-ounce size 
cream samples. 
CONCLUSIONS 


1. Under laboratory conditions and using high sediment content milk, 
cream from farm-size mechanical separators was practically clean as judged 
by present widely used methods of testing, having a no. 1 sediment score or 
better (A.B.I. standard). Even under farm conditions where no special 
precautions were taken, reasonably clean cream was obtained with no. 1 sedi- 
ment scores on 2-ounce samples. 

2. In general, when the extraneous matter in the milk contained a high 
proportion of large-sized, light weight particles, more sediment escaped into 
the cream, while the heavier particles were withheld. Cow hairs rarely were 
found in the cream. 

3. The separation of large quantities of milk, which would represent the 
extreme in volume that might be expected under farm conditions, did not 
impair the separator efficiency in removing extraneous matter, even though 
the milk used had a high sediment content. 

4. In the laboratory, failure to wash the separator did not result in as 
marked an increase in the sediment content of the cream as might be 
expected. 

5. The farm-size mechanical separator was very effective in withholding 
rodent hairs from cream. 

6. The cream flush contained proportionately more sediment than the 
cream, which would suggest that withholding it from the cream would be 
a possible measure in reducing sediment. 

7. In the practical control of sediment in cream where mechanical sepa- 
rators are used, it would appear that, along with reasonable precautions in 
the separation process, more emphasis should be placed on attention during 
later stages of handling. 
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FROZEN HOMOGENIZED MILK. III. STABILITY OF 
MILK SOLIDS DISTRIBUTION IN FROZEN 
HOMOGENIZED MILK 
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Previous studies (1, 3, 4, 5, 7) have shown that freezing and storage 
temperature affect the physical character of homogenized milk. Later 
studies (2, 6) showed that when homogenized milk is frozen, the solid com- 
ponents tend to concentrate in the lower portions of the sample. Changes 
in the temperature at which frozen homogenized milk was stored did not, 
however, materially affect the chemical composition of the different sections 
of quart samples. 

The results reported by the authors (2) were based in part on samples 
of homogenized milk frozen and stored under conditions simulating those 
encountered in transferring milk from land storage to storage on hospital 
ships. The results obtained on the chemical analysis of some of the indi- 
vidual samples indicated that the chemical constituents may continue to 
shift after the milk is frozen. Since the literature does not contain informa- 
tion regarding the movement of the chemical constituents in frozen homogen- 
ized milk, the present study was undertaken to determine whether or not the 
solid constituents do continue to shift after the milk is frozen. 


PROCEDURE 


Four groups of homogenized milk samples with a fat content of 3.8 per 
cent and packaged in quart paper containers by a commercial dairy in Wash- 
ington, D. C., were frozen at —11.5° C., —17.8° C., —27.5° C., and — 36° C. 
and held at these respective temperatures until they were removed for chem- 
ical examinations. The temperature of storage remained constant for all 
groups except one. Within 3 days-after the milk was placed in storage at 
—17.8° C., the temperature rose to --16.7° C., and for the next 10 days it 
varied from —16.7 to —15.0° C. Furthermore, during the entire storage 
period there were times when the temperature rose as high as —12.2° C. To 
insure that initial freezing had taken place, a sample of each group was 
removed at the end of the third day. Subsequent samples were removed at 
10-day intervals. All samples were divided, while frozen, into two equal 
halves and allowed to thaw at room temperature. Both the top and bottom 
sections were analyzed for protein, fat, total solids, lactose, and chlorides by 
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TABLE 1 


Chemical analyses of different sections of homogenized milk frozen and held 
at constan! temperatures 


Stor- | % protein 
age | (Nx 6.38) 7% fat % totalsolids | % lactose % chlorides 
time 


(days) | Top | Bottom | Top | Bottom Top | Bottom| Top |Bottom| Top | Bottom 
A. Frozen and held at — 11.5° C. 


3* | 2.74 3.91 2.85 | 3.94 10.06 | 14.03 | 3.94 | 5.38 0.084 | 0.116 
13 2.54 | 4.17 2.64 4.15 9.21 | 14.94 | 3.56 5.71 0.077 | 0.123 
25 2.98 | 4.22 2.80 | 4.24 9.28 | 15.10 | 3.54 | 5.86 0.076 | 0.124 
34 2.69 | 3.97 2.87 4.04 9.95 | 14.38 | 4.01 5.67 0.083 | 0.118 
43 2.66 3.92 | 2.78 | 3.85 9.68 | 14.04 | 3.84] 5.44 0.090 | 0.115 
54 2.45 | 4.22 | 2.59 | 4.22 8.78 | 15.04 | 3.33 5.78 0.073 0.124 
64 2.50 | 4.25 2.61 | 4.19 8.95 | 14.98 | 3.53 5.82 0.072 0.121 
74 2.49 | 4.25 2.56 | 4.18 8.78 | 14.95 | 3.41 5.72 0.070 | 0.122 
84 2.50 | 4.30 2.55 | 4.10 8.89 | 15.11 | 3.46 | 5.93 0.074 | 0.123 
96 2.46 | 4.25 | 2.55} 4.15 8.79 | 15.01 | 3.59 | 5.99 0.072 | 0.123 

104 2.43 | 4.17 2.54 4.02 8.88 | 14.83 | 3.55 | 5.86 0.072 | 0.120 

113 en 2.62 3.95 9.36 | 14.66 | 3.64 | 5.63 0.075 0.118 


B. Frozen and held at — 17.8° C. 


3* | 2.75 3.96 3.00 4.21 10.01 | 14.41 | 3.83 5.61 0.077 0.114 
13 2.81 3.89 3.04 4.15 10.29 | 14.30 | 3.92 5.51 0.081 0.112 
23 2.75 3.99 2.98 4.20 10.02 | 14.68 | 3.78 5.65 0.078 0.115 
34 =| 2.73 3.95 2.98 4.22 10.09 | 14.61 | 3.77 5.61 0.079 0.114 
43 2.68 4.00 2.91 4.35 9.80 | 14.74 | 3.75 5.66 0.078 0.116 
52 2.79 3.94 3.04 4.17 10.18 | 14.36 | 3.83 5.52 0.081 0.114 
63 2.83 3.93 2.99 4.15 10.29 | 14.43 | 3.90 5.51 0.081 0.112 
73 2.78 3.96 3.03 4.17 10.19 | 14.42 | 3.94 | 5.61 0.081 0.113 
83 2.66 4.07 2.88 4.23 9.73 | 14.65 | 3.70 5.79 0.077 0.115 
93 2.69 4.04 | 2.92 4.20 9.82 | 14.81 | 3.83 5.75 0.075 0.115 

103 2.78 3.63 2.87 3.72 9.93 | 15.07 | 3.79 5.88 0.077 0.118 


C. Frozen and held at — 27.5° C. 


3* | 2.88 3.98 2.96 4.01 10.23 | 14.47 | 3.96 5.73 0.082 0.112 
13 2.76 | 4.04 2.88 | 4.08 9.89 | 14.70 | 3.67 5.84 0.077 0.116 
25 2.57 3.88 3.14 3.96 10.93 | 13.99 | 4.26 5.37 0.097 0.112 
34 2.98 3.74 3.13 3.88 10.91 | 13.69 | 4.23 5.40 0.092 0.112 
43 2.85 3.94 2.94 4.00 10.08 | 14.52 | 3.85 5.84 0.079 0.126 
2.97 3.89 3.04 | 4.03 10.74 | 13.87 | 4.14 5.31 0.090 0.113 
64 3.05 3.86 3.15 3.87 10.64 | 13.90 | 4.07 5.45 0.082 0.119 

74 3.01 3.87 3.06 3.88 10.68 | 13.70 | 4.08 5.35 0.089 0.112 

84 3.05 4.04 3.09 3.91 10.87 | 13.74 | 4.27 5.32 0.091 0.112 

96 2.99 3.88 3.08 3.91 10.63 | 13.88 | 4.02 5.30 0.089 0.113 
104 3.04 3.85 3.08 3.86 10.87 | 13.65 | 4.35 5.37 0.092 0.112 
113 2.96 3.86 3.08 3.92 10.38 | 14.03 | 3.79 5.47 0.081 0.120 
123 2.85 4.00 2.93 4.00 10.01 | 14.41 | 3.88 5.90 0.081 0.121 
133 3.01 3.86 3.07 3.92 10.53 | 13.71 | 3.96 5.40 0.087 0.111 
144 2.98 3.83 3.11 3.89 10.51 | 13.89 | 4.05 5.60 0.084 0.120 
154 2.74 3.98 2.89 4.06 9.83 | 14.48 | 3.78 5.97 0.078 0.124 


roe D. Frozen and held at — 36° C. 


3* 2.97 3.94 3.21 4.20 10.84 | 14.35 | 4.07 5.46 0.086 0.108 
13 2.88 3.92 3.16 4.19 10.80 14.34 | 4.06 5.50 0.085 0.112 
24 2.91 3.88 3.19 4.17 10.73 | 14.37 | 4.11 5.56 0.085 0.112 
33 2.87 3.89 3.11 4.16 10.54 | 14.32 | 4.07 5.49 0.085 0.112 
42 2.94 3.86 3.16 4.01 10.83 14.21 4.14 5.40 0.086 0.110 
53 2.93 3.88 3.13 4.12 10.75 14.24 | 4.08 5.42 0.086 0.111 
63 2.78 3.97 3.02 4.24 10.35 14.68 | 4.09 5.68 0.085 0.116 
73t 2.93 3.92 3.17 4.19 10.67 | 14.40 | 3.99 5.41 0.087 0.113 

* Initial. 


t Mechanical failure of deep freezer occurred shortly after the 73rd day. 
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methods described in a previous report (2). After the samples had thawed, 
they were preserved by adding 1 ml. of formalin. 


EXPERIMENTAL RESULTS 


When homogenized milk was frozen and held at constant temperatures, 
i.€., — 11.5, — 27.5, and — 36.0° C., and at approximately —17.8° C., the con- 
centration of milk solids was greater in the bottom section of the quart con- 
tainer than it was in the top section. The quantity of milk solids found in 
the top section ranged from 2.43 to 3.05 per cent protein, 2.54 to 3.21 per 
cent fat, 8.78 to 10.93 per cent total solids, 3.33 to 4.35 per cent lactose, and 
0.070 to 0.097 per cent chlorides. In the bottom section the milk solids 
ranged from 3.63 to 4.30 per cent protein, 3.72 to 4.35 per cent fat, 13.65 to 
15.11 per cent total solids, 5.30 to 5.99 per cent lactose, and 0.108 to 0.126 per 
cent chlorides. 

After the milk was initially frozen, the quantity of each of the solid con- 
stituents found in the top and bottom sections remained practically constant 
(table 1). When the milk was frozen and held at —11.5° C., the greatest dif- 
ferences between the initial analysis and any subsequent analysis of the top 
and bottom sections, respectively, were as follows: protein, 0.31 and 0.39; 
fat, 0.31 and 0.30; total solids, 1.28 and 1.08; lactose, 0.61 and’0.61; and 
chlorides; 0.014 and 0.008. When the milk was frozen and held at approxi- 
mately —17.8° C., the greatest differences were: protein, 0.09 and 0.33; fat, 
0.13 and 0.49 ; total solids, 0.28 and 0.66 ; lactose, 0.13 and 0.27 ; and chlorides 
0.004 and 0.004 for the top and bottom sections respectively. When the milk 
was frozen and held at —27.5° C., these differences were: protein, 0.31 and 
0.24; fat, 0.19 and 0.15; total solids, 0.70 and 0.82; lactose, 0.39 and 0.43; 
and chlorides, 0.015 and 0.014. With milk frozen and held at —36.0° C., 
the differences in the solid constituents were : protein, 0.19 and 0.08 ; fat, 0.19 
and 0.19; total solids, 0.49 and 0.33; lactose, 0.08 and 0.22; and chlorides, 
0.001 and 0.008. 

These differences from the initial analyses did not progressively increase 
or decrease with an increase in the storage time. This shows that the milk 
solids did not continue to shift after the initial freezing of the milk and that 
these slight differences may be attributed to experimental error in dividing 
the frozen sample into top and bottom sections or in some instances to the 
fact that the milk had separated to such an extent that it was impossible to 
obtain a representative sample. 

It further can be determined from table 1 that after the milk was frozen 
initially, the quantity of each of the solid constituents found in the top and 
bottom sections was in close agreement with the average analysis (based on 
analyses made after different storage periods). The difference between the 
average and the initial analyses ranged from 0 to 0.16 and from 0.02 to 0.24 
for the protein, from 0.03 to 0.19 and from 0.04 to 0.15 for the fat, from 
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0.02 to 0.84 and from 0.01 to 0.73 for the total solids, from 0.01 to 0.32 and 
from 0.03 to 0.35 for the lactose, and from 0 to 0.007 and from 0 to 0.005 for 
the chlorides in the top and bottom sections, respectively. This close agree- 
ment also shows that the milk solids did not continue to shift after the initial 


freezing of the milk. 
CONCLUSION 


When homogenized milk was frozen, the concentration of the milk solids 
in the lower portion of the sample took place during the freezing process and 
apparently there was no further movement of these solids after the milk 


was frozen. 


The authors wish to express their appreciation to Edith May Giltner and 
Elmina Faulkner for their assistance with the analytical determinations. 
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ABSTRACTS OF LITERATURE 


BOOK REVIEW 


274. Animal Nutrition. Second Edition. LzoNarp A. MayNnarp. 494 
pages. $5.00. McGraw-Hill Book Co., New York. 1947. 


The second edition of this well-established and excellent text follows 
closely the pattern of the first, which was published in 1937. The major 
purpose of the book, according to the author, is to teach how the facts of 
nutrition are being learned experimentally and how they find application in 
practical livestock feeding. 

Like the original text, the new edition contains 16 chapters outlining the 
principles of nutrition and their applications in feeding practice. These 
deal, respectively, with the expanding field of nutrition, the animal body and 
food, physiochemical bases of life process, metabolism of the carbohydrates, 
lipids, proteins and the inorganic elements, vitamins, feeding experiments 
and determination of digestibility, nutritional balances, measures of food 
energy, maintenance, growth, reproduction, lactation, and work. The book 
also contains an entirely new feature, namely, a list of visual aids. 

Extensive revisions and additions have been made to bring the subject 
matter up to date through March, 1946. Because of wartime conditions, 
most of the literature citations refer to work done in the United States. 
Much new information is presented about the proteins, minerals, and vita- 
mins. The discussions of cobalt, manganese, and others of the so-called 
trace mineral elements in animal nutrition have been greatly expanded. 
Newly discovered réles of carbohydrates and fats in animal nutrition are 
discussed. New facts are presented concerning the nutrient, mineral, and 
vitamin requirements of animals and about the comparative value of various 
feedstuffs for supplying those needs. Modifications of many ideas previ- 
ously held are presented as based on recent experimental évidence. 

The book is very well written, well illustrated, and well arranged. The 
author has done an excellent job of eliminating extraneous material. In spite 
of the fact that nutrition is to a large extent-a chemical process, the subject 
matter is presented so clearly as to be readily understood even by those with 
little or no training in this field. Throughout the text, the author presents 
facts on the problems confronting the field of nutrition, on special applica- 
tions to human nutrition, and on pioneer contributions of many individuals. 
These all help to add interest and value to the book. Cross references and 
the references listed at the end of each chapter help to increase the useful- 
ness of the text as a source of information. T.W.G. 
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BACTERIOLOGY 


275. Studies on Coliform Organisms in Dairy Products. L. BUCHBINDER 
AND EpytTHeE Atrr, Bureau of Laboratories, Dept. of Health, New 
York City. Jour. Milk and Food Technol., 10, 3: 137-148. May-— 
June, 1947. 


A survey of the coliform incidence in pasteurized milk in New York City 
was made for the purpose of establishing coliform standards. The question 
of heat resistance of coliforms in milk is of little significance. 

The following conclusions were reached: (a) the reports in the literature 
on heat resistance of coliforms frequently are fragmentary and inconclusive ; 
(b) many of the reports are based on laboratory results and not in a milk 
plant itself; and (c) differences in techniques employed in the study, such 
as partially submerged tubes, an unspecified number of organisms used, and, 
in many instances, a reporting of greater numbers of heat resistant organ- 
isms than normally would be found in raw milk, give a wide variation in the 
results. 

The authors attempted to carry out three approaches to the problem. 
First, they determined the frequency with which coliforms are present in 
milk just leaving the holder in a pasteurizing plant. In many instances as 
few as five coliforms per liter of milk were found. Repeated tests over a 
period of several months showed that coliforms rarely escape destruction in 
the holder, being detected in only one of some 400 liters of milk sampled. 
Secondly, in only about 2% of the samples studied in a survey of the raw 
milk supply of New York City over a period of 1 year did the coliform count 
exceed 100,000 per ml. Thirdly, the authors found that when raw milk was 
pasteurized by the partial submergence technique, 7.5% of 482 samples 
showed coliforms. The presence of survivors was unrelated to the initial 
numbers present in the raw milk. The same method was used to test 18 pure 
cultures of the survivors in a total of 21 trials. The cultures each were 
tested in four decimal dilutions falling within the range of coliforms found 
in natural raw milk. Of the 84 tubes, 46 (55%) were positive. The sur- 
vivors seemed to be distributed by chance among the several dilutions. Ten 
of the same strains were investigated in some 36 tests, using the complete- 
submergence, sealed-tube method, with the initial numbers ranging from 3 
million to 396 million per ml., and thus much greater than would be expected 
in normal raw milk. No coliforms were recovered after 30 minutes. Shorter 
time intervals showed 8 of 25 cultures survived after 0 minute, 3 of 25 after 
5 minutes, but none after 10 or 15 minutes. These results indicate that coli- 
forms do not survive the time and temperature of laboratory pasteurization 
when the proper technique is used. 


H.H.W. 
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276. What Is Meant by Coliform Bacteria. R.N. Dorrscu, Dept. of Bact., 
Univ. of Maryland, College Park. Milk Plant Monthly, 36, 1: 89- 
91. 1947. 


Coliform organisms are defined as ‘‘all aerobic and facultatively anae- 
robic, Gram-negative, non-spore-forming bacteria which ferment lactose with 
the, production of gas’’. They are members of a large group of bacteria 
which have many characteristics in common. The presence of coliform bac- 
teria in milk indicates improper pasteurization or post-pasteurization con- 
tamination. Dairy bacteriologists use all the coliform organisms as indi- 
eators of faulty procedure. Several methods are described for detecting 
coliform bacteria in dairy products. G.M.T. 


277. Coliform Bacterial Contamination of Milk and Milk Products. 
Practical Problems and Their Solution. R. P. Myers, Natl. Dairy 
Products Corp., Research Laboratories, Baltimore, Md. Milk Plant 
Monthly, 36, 2: 30-33. 1947. 


The coliform test, widely used in the dairy industry by plant operators, 
is particularly helpful in checking the efficiency of cleaning and sterilizing 
procedures. Experience in plant pasteurization of milk has demonstrated 
rather conclusively that coliform bacteria do not survive proper pasteuriza- 
tion, either by the holding or short-time method. Thus, if coliform bacteria 
are found, post-pasteurization contamination of the milk has resulted. The 
sources of coliform contamination may be as follows: (a) improperly steril- 
ized equipment, (b) contamination of equipment when assembled, (c) con- 
densate dripping from pipes, ete., (d) handling equipment which contacts 
dairy products, (e) air contamination, (f) contamination of pasteurized 
milk with improperly pasteurized milk, (g) vacuum lines at the bottle fillers, 
(h) contaminated colors, flavors, and fruits, particularly in ice cream, (i) 
rubber gaskets and packing glands, (j) dead-end tees, and (k) seepage 
through plug caps. Most effective sterilization is brought about by combina- 
tion of both hot water and chemicals. Coliform bacteria grow at relatively 
low temperatures. Thus, the tests should be made on the fresh product 
rather than on a sample stored for some time in the refrigerator. The coli- 
form tests when intelligently used in the plant aid in locating the points 
which need more attention in sanitation. G.M.T. 


278. An Occurrence of Udder Infections Caused by a Thermoduric Strep- 
tococcus. J. S. Bryan, Walker-Gordon Laboratory Co., Plains- 
boro, N. J. Milk Plant Monthly, 36, 3: 32-33, 92. 1947. 


Many thermoduric bacteria come from the udder of the cow. Cases are 
cited in which udders were infected by thermoduric bacteria on inadequately 
washed milking machines, resulting in high thermodurie counts in the milk. 
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Recommendations in the control of thermoduric streptococci in a herd or 
milk supply are: (a) constant vigilance and checking to discover infected 
cows and keeping milk of such cows out of the supply, (b) careful cleaning 
of milking machines to prevent spreading of organisms to other cows, and 
(ec) eareful cleaning and sterilizing of the pasteurizing and bottling equip- 
ment. G.M.T. 


BUTTER 


279. The Washing of Butter and Its Effect on Curd Content and Quality. 
E.G. Pont. Austral. Council Sci. & Indus. Res. Jour., 19, 4: 432. 
1946. 


The presence of increased curd in the range 1.1% for washed butter and 
1.52% for unwashed butter is not a determining factor in keeping quality. 
Unwashed butter involves adverse factors not determined in this investiga- 
tion. Out of 74 churnings of butter, only two unwashed samples graded 
higher by one point after 1 week’s storage. As the storage period advanced, 
the washed butter scored higher in most instances. After 3 months’ storage, 
washed butter lost 1.23 points in grade while unwashed butter lost 1.71 
points. There was no relationship for the inferior keeping quality of the 


unwashed butters and curd content, initial quality, and bacteria content. 
H.P. 


280. Increased Costs of Operating Today’s Butter Business. P. Porter, 
Paul Potter & Associates, Chicago, Ill. Natl. Butter and Cheese 
Jour., 38,7: 46. July, 1947. 


Responses to questionnaires representing 79 butter manufacturing plants 
show increased costs. These costs increased from 1940 to 1945 as follows: 
manufacturing costs, 51% ; print room, 41%; overhead, 30% ; and total 
costs, 41% (not including selling expense). Estimated increases in procure- 
ment cost averaged about 42%. The total unit cost of manufacturing, print- 
ing, and overhead increased about 1.4 cents. Increased costs per unit were 


due to reduced volume as well as to higher costs of labor and materials. 
W.V.P. 


281. Dasher for Churns. H.R. Marsnauu. U.S. Patent 2,421,798, June 
10, 1947 (3 claims). U.S. Patent Office Off. Gaz., 599, 2: 233. 
1947. 


The surfaces of a blade for a rotary churn dasher are designed to improve 
the churning operation. R.W. 
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CHEESE 


282. The Control of the Early Gas Defect in Cheese Caused by the Coli- 
Aerogenes Bacteria. TH. E. GaLestoot, Netherlands Milk and 
Dairy Jour., 1,1: 33-42. 1947. 


The early gas defect in cheese could be controlled with either KNO, or 
KNO,. These compounds must be added in an amount sufficient to delay 
gas production from lactose until gas production can be checked sufficiently 
by the development of acid by the lactic acid organisms. KCIO, also was 
suitable for controlling the early gas defect in cheese ;-a sufficient amount 
must be added so that the gas-forming organisms can reduce this compound 
until the lactic acid bacteria have increased sufficiently to inhibit the gassy 
fermentation. The objectionable flavor caused by the coli-aerogenes bacteria 
was not as pronounced when KCI1O, was used as when KNO, or KNO, was 
used. The author favors the use of KCIO3. F.J.B. 


283. Cottage Cheese Manufacture. Part 1. Its Problems and Possibili- 
ties. W. I. TRETSVEN, Dairy Advisory Service, Chicago, Il]. Milk 
Plant Monthly, 36, 5: 24-27, 32. 1947. 


Production of cottage cheese is increasing rapidly since the quality has 
improved. This item is economical, is generally liked, and is profitable for 
the dairy manufacturer. Methods of manufacture are presented in con- 
siderable detail. Difficulties sometimes encountered are discussed and reme- 
dies suggested. The writer believes that the production of cottage cheese is 
plagued with superstitions and undesirable cure-alls, which may be wasteful, 
illegal, or questionable. With general improvement in quality, increased 
consumption may be expected. G.M.T. 


284. Cottage Cheese Manufacture. Part 2. Creaming and Packaging 
of Cottage Cheese. W. I. TrETSVEN, Dairy Advisory Service, Chi- 
cago, Il]. Milk Plant Monthly, 36, 6: 26-29, 32. 1947. 


Since cottage cheese is mostly retailed as a packaged product, several 
problems of creaming and packaging cottage cheese are present. Creaming 
mixtures vary markedly in the percentage of fat. Details are given relative 
to the creaming of cottage cheese. Hand packaging procedures are criticized 
because of lack of sanitation, lack of uniformity, high labor costs, obsoles- 
cenee, and lack of dependability of labor. Precautions must be taken to 
reduce contamination of cottage cheese. The yeast and mold content is a 
fair index of the sanitary condition of the product. A phosphatase and sedi- 
ment test are essential to determine the effectiveness of pasteurization and 
general cleanliness. G.M.T. 
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285. Manufacture of Cheese. W. FaLHNnpricH. U. S. Patent 2,423,300, 
July 1, 1947 (2 claims). U.S. Patent Office Off. Gaz., 600, 1: 121. 
1947. 
A perforated tube is placed in a position approximating the axis of 
cheese at the time of manufacture, to facilitate drainage of the whey from 
the center, thereby improving the texture of the cured cheese. R.W. 


CHEMISTRY 


286. The Mechanism of the Oxidant Effects of Commercial Salt and 
Water in Butterfat. G. L. Hitits anp J. Conocuir. Austral. 
Council Sci. & Iudus. Res. Jour., 19: 414-429. 1946. 

The catalysis of the oxidation of the fat in cold storage butter by salt and 
acid present in the water phase was studied at 40° C. using hydrogenated 
peanut oil to give solidity to the fat and to maintain the necessary fine mois- 
ture distribution. Dispersed water alone in butterfat accelerated oxidation. 
Catalysis of fat oxidation by commercial salt in acid solution was found to 
be due to the combined effects of halide and hydrogen ions. The effect is a 
direct one between acid salt-solution and fat; the presence of other butter 
constituents is not necessary. The mechanism suggested and supported by 
experimental evidence involves the formation by reaction between fat-hydro- 
peroxide and hydrogen and chloride ions of chlorine, which then activates 
further oxidation. The previously reported oxidant effects of traces of mag- 
nesium chloride in commercial salt, when the salt is dispersed in the dry state 
in fats and oils, ean be explained similarly. In butterfat, glyceryl mono- 
streate added at the rate of 0.1 to 1.0% was found effective in stopping the 
reaction at the interface between the fat and salt solution. H.P. 


287. Note on the Effect of Phosphatide on the Ferric Thiocyanate 
Method of Estimating Peroxide in Fats. G. L. Hiuus anp R. 
Witkinson. Austral. Council Sci. & Indus. Res. Jour., 19, 4: 430. 
1946. 

Milk phosphatide at a concentration of 0.05% was found to interfere with 
the ferric thiocyanate test for peroxide groups in fats. This does not cause 
difficulty in the application of the test to dairy products other than dried 
buttermilk when benzene-methanol is used as the solvent. Acetone will not 
dissolve phosphatide to cause interference. H.P. 


CONCENTRATED AND DRY MILK; BY-PRODUCTS 
288. Concentrated Milks. B.H. Wess, Division of Dairy Research Labo- 
ratories, Bureau of Dairy Industry, U.S. Dept. of Agr. Milk Plant 
Monthly, 36, 1: 44-46, 48, 50, 52. 1947. 
Described briefly are the history of the concentrated milk industry, the 
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composition of various concentrated milks, their methods of manufacture, 
their nutritive values, and the economic factors necessary for the successful 
establishment of a condensery, namely, location in the dairy community, 
location in a small town, good transportation facilities, abundant water sup- 
ply and good drainage, an available market for the products, and sufficiently 
large capital. G.M.T. 


289. From Pan to Package. The Importance of Cooling Process in the 
Manufacture of Sweetened Condensed Milk. O. F. HUNzIKER. 
Milk Plant Monthly, 36, 6: 74-76, 78-79. June, 1947; Natl. Butter 
and Cheese Jour., 38, 7:40. July, 1947. 


The cooling process is one of the most important steps in the entire manu- 
facture of sweetened condensed milk, for the type and number of sugar 
crystals will be determined largely by the treatment of the product during 
the cooling period. Sweetened condensed milk with very smooth texture and 
free from sugar crystal deposits is accomplished through mass ecrystalliza- 
tion. Seeding is indispensable in securing mass crystallization, the logical 
seed material being powdered lactose. The pulverized lactose may be added 
at the rate of 4 to 6 ounces of seed lactose per 1,000 lb. of original fluid milk. 
Several methods of cooling may be employed, each of which has advantages 
and disadvantages. G.M.T. 


290. The Future of Dry Milk. S. O’Dra, Production and Marketing Ad- 
ministration, U.S. Dept. of Agr. Milk Plant Monthly, 36, 1: 30-31, 
64. 1947. 


While the utilization of dry milk and nonfat dry milk solids has been 
high during the war years and many new uses for them have been found, the 
long-run post-war demand for milk powder is uncertain. Development of 
markets for nonfat dry milk solids is more imperative than for any other 
manufactured dairy product. G.M.T. 


291. Desiccating Method and Apparatus. G.Toosy. (Assigned to Rich- 
ard C. Lilly.) U.S. Patent 2,422,706, June 24, 1947 (10 claims). 
U.S. Patent Office Off. Gaz., 599, 4: 593. 1947. 


A spray drier designed for milk is described. The milk is introduced 
into a stream of hot air traveling toward the periphery of a conical-shaped 
chamber. The denser dried milk particles are removed from the bottom of 
the cone-shaped chamber, while the moisture-laden air leaves through a duct 
at the top to enter a cyclone collector. R.W. 
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DISEASES 


292. The Prevention, Control and Treatment of Mastitis. C. S. Bryan, 
Dept. of Surgery and Medicine, Michigan State College, East Lan- 
sing. Milk Plant Monthly, 36,2: 97-98. 1947. 


Mastitis is a very general term which reférs to any inflammation of the 
udder regardless of the cause and severity of the condition. The most com- 
mon cause of chronic infection is Streptococcus agalactiae. Available scien- 
tific data, substantiated by field trials, for the suecessful prevention and 
control of bovine mastitis involve good sanitary milking procedure, good 
sanitary herd management, early and accurate diagnosis of specific trouble, 
elimination by slaughter or complete segregation of cows with badly dam- 
aged udders, and early and proper treatment. G.M.T. 


ICE 


293. Technical Literature of Ice Cream for 1946. A. LeIGHTon, Bureau 
of Dairy Industry, U.S. Dept. of Agr. Ice Cream Rev., 30, 11: 45. 
June, 1947. 


This is the ninth annual review of ice cream literature by the author. 
In the current review, a total of 249 articles are cited, covering all phases of 
ice cream manufacture. The bibliography, classified according to subject 
matter, will afford a particularly valuable reference to ice cream manufac- 
turers and technical or scientific workers. W.I.C. 


294. Carboxymethylcellulose in Ice Cream. M. LANDERS. (Assigned to 
Lanco Products Corp.) U.S. Patent 2,423,600, July 8, 1947 (10 
claims). U.S. Patent Office Off. Gaz., 600, 2: 253. 1947. 


Inclusion of a water-soluble salt of carboxymethyleellulose in an ice cream 
mix improves the texture of the frozen product without adversely affecting 
other characteristics. A mixture to be added to the mix consists of 30 parts 
sodium carboxymethyleellulose having a viscosity of 1,500 centipoises in 1% 
aqueous solution, 15 parts glycerol a-stearate y-benzoate and 55 parts cane 
sugar. One part of this mixture is added to 200 parts of ice cream mix con- 
taining 10% fat. Less is required for mixes containing greater percentages 
of fat. All the claims include a mixed glycerol diester of a higher fatty acid 
and an aromatic carboxylic acid in addition to the water-soluble salt of 
carboxymethyleellulose: E.0.W. 


295. Shrinkage in Ice Cream. C. D. Daunte, D. J. HANKINSON, AND J. A. 
MEISER, Jk. Dairy Dept., Pennsylvania State College. Milk Plant 
Monthly, 36, 1: 32-33, 36-38. 1947. 


Shrinkage in ice cream is the most important unsolved problem in the ice 
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cream industry today. Use of paper containers, continuous freezing, dry 
ice, high cabinet temperature, time of the year, and presence of free fatty 
acids, egg yolk, certain polyhydric alcohol esters, and certain sugars are 
among the edntributing factors. A definite solution to the problem has not 
been found, and all the conditions thought to cause shrinkage may be present 
yet shrinkage may or may not occur. G.M.T. 


296. Ice Cream Cabinet. R. J. SHarp. U.S. Patent 2,423,207, July 1, 
1947 (1eclaim). U.S. Patent Office Off. Gaz., 600, 1:98. 1947. 

The sleeve of the cabinet is inclined toward the front of the cabinet to 

facilitate dipping of the ice cream. A pedal, pressed by the foot, causes the 

lid to slide upward, permitting access to the ice cream, the lid returning to 
the closed position on release of the pedal. R.W. 


297. Customer Surveys as a Means of Checking up on Company Service. 
Anonymous. Ice Cream Rev., 30,11: 46. June, 1947. 


The results of a questionnaire submitted to customers at 13 Franklin 
Creamery Co. ice cream stores in Toledo and Cleveland, for the purpose of 
checking up on store operations, are summarized. A total of 2,095 replies 
were received, of which 76% contained comments of a favorable nature, 
whereas the remainder registered complaints on some phase of Franklin 
store operations. Specific things most frequently commented on favorably 
were: good quality ice cream, creamy texture of ice cream, good service, 
clean, attractive stores, good variety of flavors, availability of special molds 
and rolls, and convenient location of the store. Of the criticisms offered, 
poor service ranked first in number of replies, followed in order by unsatis- 
factory quality of ice cream, lack of table service, insufficient help, not open 
long enough, tables not cleaned often enough, no delivery service, not enough 
stores, insufficient variety of flavors, lack of parking facilities, and store not 
attractive. In the opinion of the manager, surveys of this nature provide 
some helpful information. However, the wide divergence of opinions ex- 
pressed frequently was conflicting and did not permit clear-cut conclusions. 

W.I.C. 


298. Dealer Price Education. V.M. Rasurro, Ice Cream Trade Jour., 43, 
5:40. May, 1947. 

Suggestions are offered to dealers on how to establish retail prices. The 
price of fountain items, sodas, sundaes, and milk shakes should be about 
twice their cost. A satisfactory spread in the cost and selling price of ice 
cream sold in cones may be maintained by a slight reduction in the amount 
of ice cream served in cones in lieu of a price increase. A cone sold for double 
the price of a single cone should contain two scoops of ice cream and repre- 
sent double value. 
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Dealers are advised to sell hand-dipped ice cream at 10 cents per pint 
over the price of a factory-filled package. A gross margin of 30 to 35% is 
suggested for factory-filled packages. 

Retail prices should be set so that they will not retard sales. The price 
must be acceptable to the consumers, must bear the proper relation to prices 
of competing items, give the merchant a profitable return on his investment, 
and produce the greatest possible number of inventory turn-overs in any 
given period. The dealer should be shown that ice cream is a fast turn-over 
item in relation to most merchandise carried in stores. W.H.M. 


MILK 


299. Grade A Milk. H. A. Rueue, Univ. of Illinois, Urbana. Milk Plant 
Monthly, 36, 6: 30-32. 1947. 


Considerable confusion exists in some localities as to what constitutes 
Grade A milk. The Milk Ordinance and Code formulated by the Public 
Health Service sets a standard of 50,000 per ml. for raw milk and 100,000 
per ml. for raw cream of this grade. For Grade A pasteurized milk and 
cream, the bacterial plate count must not exceed 30,000 per ml. for milk and 
60,000 per ml. for cream. Certain factors in the production of Grade A 
milk inerease the costs of production so that it may not be economical for 


the small producer to strive to qualify for Grade A milk production. 
G.M.T. 


300. Procurement of Quality Milk. W. W. THompson, Rochester Dairy 
Co-operative, Rochester, Minn. Milk Plant Monthly, 36, 6: 103— 
104. 1947. 

Procurement of quality milk depends in part on the efforts and relation- 
ships of a large number of people. Several basic principles are involved in 
carrying out a quality program. There must be an incentive for the pro- 
ducer to do a good job. The quality of the milk must be determined regu- 
larly. The producer must be kept informed of the job he is doing. Field 
service must be provided. These cannot be minimized. Cash premiums for 
producing quality milk have secured results. Likewise, the giving away of 
premiums for certain credits has been effective in producing quality milk. 


G.M.T. 


301. The Microscope in Controlling the Quality of Farm Milk. C. S. 
Bryan, Dept. of Surgery and Medicine, Michigan State College, 
East Lansing. Milk Plant Monthly, 36, 2: 52, 54, 72. 1947. 


Microscopic examination may be used in detecting the source of contami- 
nation of poor quality milk. The procedure involves selecting a sample at 
the weighing vat in a sterile tube; preparing a standard smear; staining by 
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methylene blue, Mallmann’s acid stain, Newmann’s reagent, or Broadhurst’s 

reagent; and examination of smears with the microscope, using oil immer- 

sion. Details of the various techniques are presented in considerable detail. 
G.M.T. 


302. Control Practices Used in Supervision of Vitamin D Milk by City 
and State Milk Sanitarians. Report of Committee on Applied 
Laboratory Methods, K. G. WEcKEL, Chairman, Univ. of Wisconsin, 
Madison. Jour. Milk and Food Technol., 10, 3: 167-171. May- 
June, 1947. 


Vitamin D fortified milk constitutes from 30 to 60% of the total fluid 
milk sales. It is important to the public that the desired potency be present 
in all vitamin D milk produced. Studies indicate that one out of every seven 
dairies produces milk below the desired potency. One out of every 20 sam- 
ples collected by city sanitarians for bioassay purposes was found to be below 
standard. 

Fortunately, inadequate fortification does not do the harm that could be 
done by inadequate pasteurization. Consumers as a rule pay a premium for | 
vitamin D fortified milk and must rely upon assurance for labeled potency. 
In the light of this survey, many sanitarians should re-assay their procedure 
of supervision of vitamin D milk produced in their areas. H.H.W. 


303. Developments and Sales Possibilities of Homogenized Milk. C. A. 
IvERSON, Dept. of Dairy Industry, Iowa State College, Ames. Milk 
Plant Monthly, 36, 5: 64, 66, 68. 1947. , 


Although many developments have occurred within the last decade in the 
use and distribution of homogenized milk, probably its greatest development 
is yet to occur. Advantages claimed for homogenized milk are: (a) butter- 
fat is uniformly distributed, (b) milk is uniform, thus appearing and tasting 
richer, (¢) curd tension is reduced, (d) as a beverage it is a superior product, 
(e) for infant formulas, boiling, filtering and cooling can be eliminated, (f) 
certain defects are less pronounced in homogenized milk, (g) in the absence 
of cream there is no temptation for the operator to cut pasteurization tem- 
perature of holding time in order to protect creaming ability, and (h) 
homogenized milk does have sales appeal. On the other hand, homogenized 
milk does have its disadvantages, such as (a) no cream layer, (b) certain 
flavor defects, (c) sediment, (d) disadvantages in cookery, (e) cream line 
formation if process is improperly done, (f) utilization of returns, (g) in- 
ereased costs, and (h) the homogenizer may be an_additional source of con- 
tamination. The author believes that the main advantage which homogen- 
ized milk has is that people prefer it as a beverage to non-homogenized milk, 
and he concludes that homogenization is one of the forward-looking phases 
of the dairy industry. G.M.T. 
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304. What to Check and How to Check on Short-Time Pasteurizers. 
H.:Risnoi, Cherry-Burrell Corp. Milk Plant Monthly, 36, 5: 
34-36, 38-41. 1947. 

Attention is called to the many means and devices used to insure com- 
plianee with health department regulations and to some of the safeguards 
which have been built into the design and construction of short-time units. 
A short-time pasteurizer consists, essentially, of six parts: a float control 
tank, a regenerator section, a heater section, a holder tube, a flow diversion 
valve, and a cooler section. The general regulations which should be checked 
by the sanitarian with respect to milk flow are: (a) the pasteurized milk 
must be under greater pressure than the raw milk contained in the unit, 
(b) the milk pump must be sealed so the specified capacity is not exceeded, 
(ec) a restriction is placed in the diversion flow line im order that the back 
pressure on the milk pump and milk in the holder pump will be the same 
during diversion, (d) the holding tube should slant upward continually 
from the point of entrance of the milk to the diversion valve, and (e) drain- 
age to the float tank when the pump stops or when the raw milk line is dis- 
connected from the regenerator outlet must'be automatic. 

Tests for measuring the time required for milk to pass through the hold- 
ing tube or providing for injecting a test solution through a stopcock at the 
entrance and means for drawing liquid through a similar arrangement just 
ahead of the flow diversion valve have been devised. These test liquids in- 
volve a color solution or salt solution. The actual time for the solution to 
pass through the holding tube may be determined by observation or by 
electric current. Capacity of the unit is measured by the time required to 
fill a 10-gallon container. The function of the flow diversion valve is the 
very heart of the time-temperature control system. Tests on the flow diver- 
sion unit involve four steps, which include checking the recording ther- 
mometer and adjusting the controller by use of liquids at various tempera- 
tures. The paper is unusually informative and helpful to both operators 
and inspectors of short-time pasteurizers. G.M.T. 


305. Experiences Using the Short-Time High-Temperature on Milk, 
Cream, Buttermilk, Cocoa and Cottage Cheese. M. M. Kuossr, 
Bowman Dairy Co., Chicago, Ill. Milk Plant Monthly, 36, 3: 38, 
40-41, 86. 1947. 

The high-temperature short-time pasteurizer has been used successfully 
in processing milk, cream, buttermilk, cocoa, and milk for cottage cheese. 
Temperatures employed for different products vary, depending upon the 
products being processed. Homogenized milk was pasteurized at 170° F. 
for 16.5 seconds, while the skim milk intended for buttermilk manufacture 
was heated to 185-190° F. Satisfactory results were obtained on the bases 
of bacteria, phosphatase, cream volume, and flavor. Greatest difficulty with 
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the use of the high-temperature short-time pasteurizer was with gaskets of 
synthetic rubber; these had to be replaced more often than the natural 
rubber gaskets, which had given 16 months of continuous service. G.M.T. 


306. Milk Pail. R. J. Goopen. U.S. Patent 2,422,541, June 17, 1947 (2 
claims). U.S. Patent Office Off. Gaz., 599, 3: 500. 1947. 


A milk pail is described with a removable strainer and hinged cover. 
R.W. 


SANITATION AND CLEANSING 


307. Sanitary Standards for Dairy Equipment. E. H. Parrirt, Evapo- 
rated Milk Assoc., Chicago, Ill. Natl. Butter and Cheese Jour., 38, 
7:48. July, 1947. 


The Subcommittee on Sanitary Standards of the Dairy Industry Com- 
mittee was appointed to collaborate with the International Association of 
Milk Sanitarians and the U. S. Public Health Service in developing stand- 
ards of sanitary performance of processing equipment. Progress has been 
made, as evidenced by recommendations for fittings, published in the Jour. 
Milk Technol., Jan.—Feb., 1946, and for storage tanks, ibid., May—June, 1946. 
Standards for transportation tanks, homogenizers, pumps, storage tanks, and 
farm milk utensils are being formulated. The success of these undertakings 
depends on the support of milk sanitarians and regulatory groups and on the 
education of buyers to specify 3A sanitary standards. W.V.P. 


308. Sanitation and Plant Efficiency. C. E. Wuirts, Kraft Foods Co., Chi- 
cago, Ill. Milk Plant Monthly, 36, 2: 34-39. 1947. 


Sanitation involves the struggle between man and the lower forms of life, 
such as yeast, bacteria, molds, insects and rodents, which may infest dairy 
plants. In checking a plant for sanitation, the operator should observe: 
plant and equipment cleanliness, plant operating methods, orderliness or 
plant housekeeping, and the condition of the building, premises, and plant 
equipment. The selection and training of plant personnel, and the proper 
selection of cleaners, sterilizers, and cleaning aids are of foremost impor- 
tance. Fundamentally, cleaners serve three purposes—the dissolving of 
dairy soil, the reduction of interfacial tension between cleaning solution and 
soil, and the softening of the water through the formation of soluble com- 
pounds. Scheduled cleaning, i.e., cleaning the equipment at the proper time, 
entails four fundamental preventive measures: (a) rinsing equipment be- 
tween batches, (b) cooling the pasteurizer before and during emptying, (c) 
elimination of steam leaks, and (d) rinsing equipment immediately after 
emptying to remove all foam and dairy soil. Insect control is another factor 
in attaining plant sanitation; this involves eliminating breeding places, in- 
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sect proofing the building, and the correct use of insecticides. Rodent control 
also is necessary and includes elimination of breeding places, rodent proofing 
the building, and trapping. G.M.T. 


309. Bottle Washing Problems. D. H. Jacossen, Cherry-Burrell Corp., 
Chicago, Ill. Milk Plant Monthly, 36, 6: 42-44, 46-48. 1947. 


The principal function of the bottle washer is to produce clean and 
sterile bottles. The problems in soaker bottle washing, according to their 
relative importance, are efficient sterilization, complete cleaning and bright 
appearance, prevention of etching of glass or color labeling, prevention of 
scale on the washer, and smooth mechanical operation or lubrication. Cer- 
tain temperatures and concentration relationships must be maintained in 
bottle washing. Different states and municipalities have various standards 
for sterilization of bottles. Until uniform standards are established, milk 
plant operators should follow local standards on caustic concentration and 
then choose bottle washing compounds which provide the maximum in bottle 


cleaning efficiency. G.M.T. 


310. Quaternary Ammonium Compounds in the Dairy Industry. M. E. 
Davis, Winthrop Chemical Co., Weston, Mass. Milk Plant Monthly, 


36, 3: 48, 50-52. 1947. 


Quaternary ammonium compounds, of which ‘‘Roccal’’ was the first, 
have been introduced to the dairy industry with favorable results. The 
properties claimed for these compounds are: (a). rapid and complete killing 
action against bacteria even in low concentrations, (b) practically non- 
poisonous, (¢) non-irritating to the skin, (d) odorless, (e) non-corrosive, 
(f) great stability, and (g) inhibit bacterial growth over long periods of 
time. In obtaining maximum efficiency with the use of these compounds, 
the following suggestions are helpful: clean all equipment; dip all small 
parts in disinfecting solution before assembly; leave loose all joints, pipe 
connections, dead-end tees, and valves in order that all surfaces may be con- 
tacted by the solution ; and pump through the entire system a solution con- 
taining 200 p.p.m. Specific directions are given for the use of quaternary 
compounds in sanitizing milk cans, milking machines, and dairy utensils. 


G.M.T. 


311. A Uniform System of Milk Inspection. W. D. Trepeman, Bureau of 
Milk Sanitation, New York Dept. of Health, Albany, N. Y. Milk 

Plant Monthly, 36, 3: 72, 74, 76. 1947. 
A complete lack of uniformity exists in the system of milk inspection, 
not only by the municipalities but among various states. Attempts at secur- 
ing legislation requiring a uniform inspection system in New York were not 
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successful in 1944 and again in 1945. If a reasonably efficient and uniform 
sanitary control over country sources of milk supply was maintained, dupli- 
cation and much ill-feeling caused by stringent inspection in some areas and 
laxity of inspection in others would be eliminated. Indications are that in 
the future agreements between departments of health, agriculture, markets, 
and the dairy industry will be effected. G.M.T. 


312. Essentials of an Effective Farm Dairy Sanitation Program. P. W. 
SCHERSCHEL, Laboratory and Field Service, Pure Milk Assoc., Chi- 
eago, Ill. Milk Plant Monthly, 36,6: 105-106. 1947. 


An effective farm dairy sanitation program involves good cooperation 
between the receiving room, trucker, fieldman, and the producer. The field- 
man has certain responsibilities in suggesting to producers ways and means 
of improving the quality of their milk. Producers as a rule want to market 
a good quality product, keep healthy cows, be clean, follow correct milking 
procedures, and control temperatures. Detailed directions for cleaning 
utensils, milking, and the care of the milk house and surroundings are given. 

G.M.T. 


313. Duties of a Fieldman. W. J. Brake, Dept. of Dairy Husb., Ohio 
State Univ., Columbus. Milk Plant Monthly, 36, 4: 48, 50. 1947. 


The duties of a fieldman are to satisfy his employer, to represent the firm 
by which he is employed, and to render service to the dairy producer. He 
often is the only representative of the organization purchasing the milk and 
as such should bring to the producer a favorable opinion concerning the 
plant. Retaining the goodwill of producers and increasing production are 
not difficult if the fieldman has proper attitudes and approaches a patron in 
a tactful, businesslike manner. Appealing to pride is an effective means of 
stimulating producers to milk quality; as a last resort, the producer may be 
advised that the market requires that certain changes be made in order to 
help in producing a higher quality product. The fieldman especially must 
be in close contact with receiving room operations, such as weighing, Babeock 
testing, and quality tests. Cans returned to the producers must be sanitary. 
The fieldman should spend sufficient time at the plant conducting quality 
tests and keeping records to enable him to have complete confidence in their 
accuracy. He should function as a service man, creating interest and en- 
thusiasm for efficient production of high quality milk. He must be inter- 
ested in his work, in its importance, and in keeping up-to-date with improved 
methods. G.M.T. 


314. The Use of DDT and Other Methods of Insect Control in Dairy 
Plants. L.S. HENDERSON, Bureau of Entomology and Plant Quar- 
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| 
antine, Dept. of Agr., Washington, D.C. Milk Plant Monthly, 36, 
3: 54-56, 60. 1947. 


Preventive measures in controlling insects around food establishments 
may be even more important than the application of insecticides. Sanitation 
and rigid and thorough house-cleaning or plant-keeping are highly impor- 
tant. Sanitation should not end inside the plant but should include the 
premises as well. DDT is an extremely useful insecticide; however, there 
has been a great deal of hesitancy in recommending its use for fly control in 
rooms where food is processed or handled because the insects may, in the 
process of being destroyed, get into the equipment or food. DDT likewise 
is effective in roach control. A heavy roach population may appear a few 
days after its application because of the stimulation effected by DDT in 
bringing them out of their hiding places. If roaches still are present after 
2 weeks, incomplete coverage usually is indicated. In using insecticides the 
importance of sanitation must not be minimized. G.M.T. 


315. Insect and Rodent Control in Dairy Plants. F. A. Korrr, Bureau 
of Food Control, Baltimore City Health Dept. Milk Plant Monthly, 
36, 4: 98,100. 1947. 


The dairy industry has been fairly successful in the fight against mi- 
crobial contamination of their products. Attention today is being given to 
the elimination of infestations from insects and rodents. Like bacteria, 
insects and rodents need food, water, and warm environment. By elimi- 
nating breeding places through sanitation and plant housekeeping, a great 
deal can be accomplished in keeping pests at a minimum. Recently empha- 
sis has been placed on the importance of plant housekeeping, rather than on 
trapping and killing. The technical method of control consists of sealing 
up all openings where insects and rodents may enter and eliminating harbor- 
ing places throughout the building. The biological method involves the 
reduction and elimination of all hiding and breeding areas. Effective re- 
sults can be obtained by proper training of plant personnel and by the 
relocation of equipment so as to aid in cleaning and inspection operations. 


Sanitation is of utmost importance in the control of all dairy plant pests. 
G.M.T. 


316. Insect and Rodent Control in the Plant. E.M. Sears, Sealtest, Inc., 
N. Y., N. Y. Milk Indus. Found. Assoc. Bul., 39, 12: 350-354. 
March, 1947. 

Insect and rodent control involves not only destruction of the pests but 
primarily preventing their entrance into food-handling establishments. The 
statement is made that about 80% of all convictions by the Federal Security 
Agency for adulteration of product published in the July, 1946, list were 
based on presence of insects or rodents or on that ‘‘might have been’’ clause. 
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At the present time there seems nothing more available or desirable than 
the insecticide DDT, which permits virtual proofing of a plant against insect 
occupation for long periods of time. Nothing approaching DDT for insects 
is available for rodents. It is questionable if poisoning rodents is advisable. 
Exclusion by rodent proofing is the first line of defense, with the old clap- 
trap style rat and mouse trap for those that get in. E.F.G. 


317. New Chemicals for Insect Control onthe Farm. E. M. SEARLs, Seal- 
test, Inc., N. Y.,N. Y. Milk Indus. Found. Assoe. Bul., 39, 9: 240— 
242. Feb., 1947. 

Sanitation comes first in insect control. Have clean barns, clean premises, 
and clean, well-tended animals ; then the application of insecticides will finish 
the job of insect control. Probably the most useful insecticide is wettable 
DDT applied with a knapsack-type sprayer according to the instructions of 
the manufacturer of the insecticide. Neither DDT nor any of the rest of 
these new insecticides can take the place of sanitation. E.F.G. 


318. Ten Common Causes of Excessive Sediment. Part 1. Importance 
of Keeping Cows Clean. C. B. A. Bryant, Johnson and Johnson, 
Chicago, Ill. Milk Plant Monthly, 36, 2: 64, 66. 1947. 


Thousands of service calls on sediment trouble indicate that the ten most 
common causes of poor sediment tests at the receiving platform are: (a) 
cows, (b) milk cans, (c) improper use of filter dise and strainer, (d) failure 
to rinse strainer when filter dise is changed, (e) carelessness in storage of 
milk can lids, (f) milking machine suction cups allowed to get close to floor 
or bedding when being attached to the cow, (g) improper technique in pour- 
ing milk into strainer, (h) sediment in rinse water, (i) jarring lock strainer, 
and (j) single face dises placed in strainer with the gauze side up; the gauze 
should be down with the cotton side up. G.M.T. 


319. Ten Common Causes of Excessive Sediment in Milk. Part 3. 
, Proper Care of Milk Can Lids. C. B. A. Bryant, Johnson and 
Johnson, Chicago, Ill. Milk Plant Monthly, 36, 4: 86, 88. 1947. 
Careless handling and storing of milk can lids has been found to be one 
source of excessive sediment in milk. Fine dark specks found in milk were 
traced to pieces of bark falling from a tree into unprotected can lids which 
later were used without cleansing. G.M.T. 


320. Ten Common Causes of Excessive Sediment in Milk. Part 4. Filter 
Disk Improperly Placed in Strainer. C. B. A. Bryant, Johnson 
and Johnson, Chicago, Ill. Milk Plant Monthly, 36, 5: 82-83. 

1947. 
Fifty per cent of 2,700 milk producers who had milk returned because of 
undesirable sediment tests were not placing the filter dise into the strainer 
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properly ; thus some of the milk by-passed the filter and was not strained. 
Every plant manager, fieldman, and milk hauler should learn how to place 
the dise into a strainer correctly and pass this information on to each of the 
milk producers. Both hands should be used in placing the dise. Unless the 
edges fit properly, the baffle plate or dome crumples the sediment disc, pre- 
venting a perfect seal. Dents in the bottom of strainer will cause similar 


by-passes. G.M.T. 

321. Ten Common Causes of Excessive Sediment in Milk. Part 5. Fail- 
ure to Rinse Strainer when Changing Disk. C. B. A. Bryant, 
Johnson and Johnson, Chicago, Ill. Milk Plant Monthly, 36, 6: 
98-99. 1947. 

Rinsing the strainer when changing the disc has been found to be a means 
of eliminating some of the sediment from milk. Unless this is done, some 
of the sediment taken out of the milk may lodge on the strainer under the 
new dise and be washed into the milk. G.M.T. 


MISCELLANEOUS 


322. Dairy Waste Saving and Disposal. W. A. DEAN, JR., Bowman Dairy 
Co., Chicago, Il. Milk Plant Monthly, 36, 5: 42-48, 50. 1947. 


Dairy waste disposal is an old problem in which increasing interest is 
shown today. Reduction of waste in a plant to the minimum is financially 
beneficial, as well as a means of avoiding possible lawsuits. Plants have been 
sued for devaluation of property, injury of livestock, discomfort, loss of 
health and well-being, destruction of fish and wild life, destruction of plant 
and plankton life, and general nuisance. Dairy wastes may be classified as 
follows: (a) waste due to inefficient processing equipment, methods, or 
operation; (b) waste of whey, buttermilk, skim milk or other by-products ; 
(ce) waste of spoiled products; and (d) wastes due to rinsings and wash 
water. Methods of keeping waste to a minimum and the various systems 
involved in treatment of necessary wastes are described fully. Dairy waste 
sampling and testing followed by determination of the causes of excessive 
losses aid in reducing losses. G.M.T. 


323. Effect of Stabilizers on Frozen Cream. R. W. Buu, Bureau of Dairy 
Industry, Agricultural Research Administration, U. S. Dept. of 
Agr. Jour. Milk and Food Technol., 10, 3: 149-157. May—June, 
1947. 

The use of a stabilizer which would make it possible to obtain thawed 
cream resembling bottled whipping cream was investigated. The stabilizers 
used were emargol and fruit pectin. These compounds, when added te raw 
cream, appeared to help conserve the physical stability of the pasteurized 
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cream during low temperature storage. Emargol tended to decrease the 
tendency of thawed creams to oil off, without changing the viscosity. Pectin 
improved the consistency and increased the viscosity of the thawed cream 
without the tendency to form a cream plug. The differences between the 
control samples and those which contained a stabilizer were more pronounced 
when the freezing and storage temperature was — 15° C. than when it was 
— 29° C. 

Emargol and pectin were valuable in stabilizing the cream. However, 
they were not so important as the size of the fat globules, avoidance of 
clumping, rate of freezing, and storage temperature. H.H.W. 


324. Butterfat and Solids-not-fat. Their Relation to Plant Control and 
Their Implication in Plant Operations. L. C. THOMSEN, Univ. of 
Wisconsin, Madison. Milk Indus. Found. Assoe. Bul., 39, 10: 257- 
266. March, 1947. 


The author suggests that losses be ‘‘departmentalized’’ and not taken 
merely as over-all plant losses. This is to fix responsibility. If two methods 
of expressing losses are used, such as per cent of the fat lost and per cent of 
product lost, then one method may be used as a check against the other and 
may assist in identifying the point of loss. 

In ecaleulating fat losses it is important that the sample in the receiving 
room be accurate and that the analysis of the original milk samples, as well 
as the fat content of the various products, yield as near true fat contents as 
possible. For some products the usual Babcock method is not satisfactory, 
and a modification must be used. In that part of the milk skimmed, the 
usual fat loss in the skim milk from 5.0% milk will amount to 1.3% of the 
fat, while from 3.0% milk it will amount to 2.15%. In working out the 
losses on the basis of the weight of product, accurate weighing or measuring 
devices must be provided, containers must have the correct volume, and 
suitable conversion factors must be used. 

The total ‘‘paper’’ losses in ideally operated plants selling only fluid milk 
and cream will amount to approximately 1.65%, of which slightly less than 
three-fourths can be assigned to the fluid milk part of the operation and 
slightly over one-fourth can be charged to the fluid cream operation. The 
percentage of loss may vary widely from the above if corresponding testing 
procedures are not used. E.F.G. 


325. Plant and Accounting, Their Relation and Contribution to Efficient 
Management. H. Lacon, Borden’s Dairy Delivery, San Fran- 
cisco, Calif. Milk Indus. Found. Assoc. Bul., 39, 10: 281-287. 

March, 1947. 
It is not difficult to determine when costs are too high but it is important 
that the cause of the high cost be found and the extent to which it is high 
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actually determined. The various items of cost—such as plant, labor, equip- 
ment, materials, supplies, power, steam, refrigeration, waste, and container 
loss—should be determined on the basis of appropriate units and these costs 
compared with previously established reasonable standards. This fact-find- 
ing operation will furnish the accounting data necessary to a better manage- 
ment job. E.F.G. 


326. The Relation of Plant Operations and Accounting to Efficient Man- 
agement. R. J. Ramsey, Ramsey Laboratories, Cleveland, Ohio. 
Milk Indus. Found. Assoe. Bul., 39, 10: 267-280. March, 1947. 


Periodical examination of the records being kept will show some which 
can be dispensed with and others which are needed. Butterfat accounting 
is considered to be of first importance, and it should not be difficult to keep 
these losses below 1% of the fat purchased. Among the procedures recom- 
mended for fat checking are the use of a drip sampler for total fat, the use 
of an automatic sewage sampler, accurate fat standardization of all products, 
correct weight of product in all containers, and collecting drip, rinsings, and 
foam for later separation. The per cent of fat in skim milk should be figured 
at 0.1% as shown with the Mojonnier test. 

Bottle trippage is checked by weighing broken glass at critical points and 
keeping the bottle deposit on wholesale bottles as high ~as possible. Unless 
the market is almost ready for paper, it is suggested that substantial savings 
may be effected with lightweight 48 mm. bottles. Keeping cottage cheese 
yields up to 16-18 Ib. per 100 Ib. of skim milk, careful checking of ice box 
inventory and steam costs, larger use of latent heat equipment, and higher 
back pressure in the refrigeration plant are important methods of increasing 
efficiency. 

A point to be kept in mind is that it costs approximately five times as 
much to cool milk one degree as it does to heat it one degree. With §.T.H.T. 
pasteurization, the use of regeneration may decrease the use of steam to the 
point that the batch method would require 365% of the S.T.H.T. require- 
ment and in refrigeration the batch method would require 180%, with the 
S.T.H.T. requirement considered 100%. Industrial water treatment is a 
source of very substantial savings. E.F.G. 


327. Howa Safety Program Can Save You Money. E.G. QueEsNEL. The 
Borden Co., N. Y., N. Y. Milk Indus. Found. Assoe. Bul., 39, 12: 
355-360. March, 1947. 


The total cost of an accident is on an average four times the direct cost. 
The all-industry accident rate compiled for 1945 by the National Safety 
Council shows accidents per million hours worked to be 13.53; for the food 
industry it was 22.80, while for the dairy products industry it was 26.02. 
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Accidents in the dairy industry apparently occur almost twice as often as 
in all industry. The Milk Industry Foundation started a vehicle accident 
contest Sept. 1, 1939. Of 166 fleets enrolled for the year, only 4 reported 
no accidents and 36 had less than 5 accidents. The contest was continued 
each year and the contest ending Sept. 1, 1946, showed 209 fleets enrolled, 
19 having no reportable accident and 63 having less than 5 accidents. 

A contest for plant workers started in 1941, with 121 companies enrolled, 
showed 12 with no accident the first year and 52 with less than 5 accidents. 
In the contest ending Sept. 1, 1946, 21 companies experienced no reportable 
accident and 90 companies had less than 5 accidents. The contests call atten- 
tion to safe operating rules and regulations, supply instructions for setting 
up a safety department in each company, and in many ways draw attention 
to the importance of safe practice and procedure. E.F.G. 
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steps UP 


“He got that way taking credit for improving our whole line with Cerelose” 


QUALITY 
FLAVOR 


TEXTURE 


CORN PRODUCTS SALES COMPANY 
17 Battery Place - New York 4, N.Y. 


RENNET and COLOR 


For best results in the cheese 
vat, specify Marschall’s. High 
in strength, pure and uniform. 


MARSCHALL 


DAIRY LABORATORY, INC. 
MADISON 3, WISCONSIN 


DAIRY LABORATORIES 


23rd & Locust Sts., Phila., Pa. 


FLAV-0-LAC 
FLAKES 


THE CULTURE 


of definitely better 
flavor & aroma pro- 
ducing qualities. 


The standard with 
foremost operators, 
agricultural schools & 
colleges. 


FLAV-O-LAC FLAKES 


(shown) produce a 
quart of the finest 
starter on a single 
Single 
ottles $2.50. 


SPECIAL FLAY-O-LAC FLAKES “40” 
produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.00. Plus pane 
Free Culture Manual of Fermented Milk P: 
ucts on request. 

Pioneers in Spectro-chemical, Chemical and 
Fluoro-photometric Determinations of Vitamins 
Be, Nicotinic Acid, Pantothenic Acid, Be, 
C & E in Dairy and Food Pr (Vit 

D excluded) inquiries invited. 


THE 


DALABRE 
ASSOCIATES 


BRANCHES 
Baltimore 


Washington 
See our catalog in Dairy Industries Catalog 


New York 


Your advertisement is being read in every State and in 25 Foreign Countries 
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HOLSTEINS . . . produce MORE for LESS! 


Last spring’s flooded fields combined with today’s burning sun will put 
a premium on every pound of grain fed next winter and in the years to come. 


Because of their great capacity, rugged efficient Holstein cows are able 


to consume large amounts of inexpensive, home-grown roughage . . . saving 
dollars for their owners when feed bills soar . . . making profits when over- 
head is high! 


For detailed information on profit-making, high-producing 
Holsteins, write ... 


THE HOLSTEIN-FRIESIAN ASSOCIATION OF AMERICA 


Box 3095, Brattleboro, Vermont 


For Top Beolity Dairy P Products 


BREEDER’S EQUIPMENT CO. 


Supplies for Artificial Insemination of Animals 


FLOURTOWN, PA. 


ARTIFICIAL INSEMINATION 


A technical service which contributes so 
much to the Dairy Industry is worthy of 
the recognition accorded to other scientific 
achievements in the same field. 


The technician engaged in this work is a 
true specialist who requires special equip- 
ment, designed and manufactured for a 
special purpose. 


The period of makeshift and improvised 
apparatus is past. 


Our facilities are devoted exclusively to 
the production of the most efficient instru- 
ments for successful artificial insemination. : on 

for of CHR. HANSEN'S LABORATORY, INC. 

which is now available. 
MILWAUKEE 14, WISCONSIN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Bulla Se RED? 


QUALITY MILK 
PRODUCTION 


Bulls are color-blind. Scientists have disproved the 
theory that they “see red.” Famous matadors agree 
that when “El Toro” blows his top at sight of a 
waving red cape, it’s the waving ... not the red... 


: NEW METHODS that riles him. 
- FOR CLEANING MILKING EQUIPMENT COARSE SALT FOR 


The Way SAUERKRAUT? 


KLEER-MOR 


Completely emulsifies and 
removes heaviest fats a 

greases on all milking 
and utensils. 


d by hard water 
ntle to hands — sudses 
ly — rinses free. 
F Another popular misconception is the belief among 
some makers of sauerkraut that they must use the 
very coarsest crystals of salt. Scientists know that 
N U - K L iq 7 N light, bulky salt (such as Diamond Crystal’s grain 
OS oe for the purpose ) spreads more easily in the vat. 
aloiions: it eliminates This results in uniform salt distribution and much 
better control of sauerkraut fermentation. 
juick, ent, safe, eco- 
nomical. DO YOU WANT FACTS? 


KLENZADE 


Is the sure, effective, low 
cost bactericide for sanitiz- 
ing milking equipment and 
utensils. Acts quickly — 
simple to use — safe — 
leaves no film—no sediment. 


For sauerkraut or other “salt minded” products, 
Diamond Crystal has the right grain and grade for 
you. If you want facts about salt requirements for 


KLENZADE 
your processes, write our Technical Director. He’ll 


K L —E N Z A D ig P R Oo D U CT S. gladly recommend the correct grade and grain of 


Diamond Crystal Salt for best results. Diamond 
INCORPORATED 

D H-16, lair, Michigan. : 
: BELOIT, WISCONSIN Crystal, Department St. Clair, Michigan 


“CHEMICAL CLEANING SPECIALISTS SERVING DIAMOND CRYSTAL 


THE DAIRY INDUSTRY WITH CONVENIENTLY 
Mberge 
PROCESS SALT 


Your advertisement is being read in every State and in 25 Foreign Countries 


LOCATED BRANCH OFFICES, WAREHOUSES 
~ AND DISTRIBUTORS IN PRINCIPAL CITIES 
.* THROUGHOUT THE NATION 
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Master. . 


Removes Milkstone 


Quickly . . Safely . . Thoroughly 
From High - Temperature 
Short-Time Pasteurizers! 


Once you’ve tried this amazing milkstone remover 
. seen stubborn contamination yield to Dilac’s 
whip-like action . . . you'll be convinced here’s really 


| 


the “milk-stone master”! 


Yes, Diversey Dilac assures powerful yet safe cleaning 
action . . . dissolves and softens milkstone . . . re- 
moves it easily . . . completely! What’s more, Di- 
versey Dilac provides superior wetting action plus 
positive penetrating power . . . assures milkstone re- 
moval with a minimum of time, labor and material. 


Assure top operating efficiency . . . longer life for 
your high-temperature, short-time pasteurizers. Try 
Diversey Dilac! Just call a Diversey D-Man or 
write us direct. The Diversey Corporation, 53, West 
Jackson Blvd., Chicago 4, Illinois. 


There’s a Diversey D-Man and a 
Diversey Product Better Qualified 


to Serve You 


. In Disinfecting Equip- 
ment * Cleaning Equipment 
Removing Scale * Remov- 
ing Milkstone * Washing 
Bottles * Maintenance 
Cleaning and Polishing 
Washing Cans Cleaning 
and_ Disinfecting Dairy 
Utensils * On All Cleaning 
Operations. 


Copies of the 20-Year Index 
covering Volumes I to XX, 
inclusive are available at the 
following prices: 


MEMBERS 
Cloth Bound ........... $2.35 
Paper Bound ........... 2.00 


NON-MEMBERS 


Cloth Bound ........... $5.50 
Paper Bound ........... 5.00 


Your advertisement is being read in every State and in 25 Foreign Countries 
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The Standard of the World 


The Gaulin Two Stage Homogenizers and High 
Pressure Pumps have been built by us for over 
forty years. This background of engineering 
know how, assures the processor of the finest and 
most modern homogenizer for fluid milk, ice 
cream, evaporated, condensed and spray dried 
milk or eggs, as well as other dairy products. 
The homogenizers are built in a range of sizes 
from 75 to 2500 gallons per hour. High pressure 

’ pumps are custom built to meet individual re- 
quirements. Both types of machines are ap- 
proved by leading health authorities. 


MANTON-GAULIN 


TWO STAGE 


HOMOGENIZER 
THE MANTON-GAULIN MFG. CO., INC. 


44 GARDEN STREET “EVERETT, MASS., U.S.A. 


Brows by greatly lowering surface tension, de- 
creases solution dragout ... speeds cleaning 
action . . . boosts the efficiency of your alkali 
solution. Bottles cleaned with this time-tested 
wetting agent and synthetic detergent come out 
amazingly clear and sparkling. Re-runs are 
greatly reduced, particularly on chocolate drink 


bottles. An Orvus solution quickly wets 
through and loosens hard-to-remove chocolate R E D U C ES 


deposits. 

Ten lose none of the cleaning efficiency of BOTTLE 
Orvus in hard water. It assures thorough emul- 

sification . . . fast rinsing . . . better run-off 


... dryer bottles. Orvus is easy to use. Eco- 
nomical, too—a little goes a long way in your ©? 


soaker tanks. 


* 


For further particulars about Oreus, write © 


PROCTER & GAMBLE->. o.s0x sexCINCINNATI 1, OHIO 


_Your advertisement is being read in every State and in 25 Foreign Countries 
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AMERICAN DAIRY SCIENCE ASSOCIATION 


INCORPORATED IN THE DISTRICT OF COLUMBIA 


Officers 


P. H. Tracy, Urbana, Illinois 
Vice-President W. E. PETERSON, St. Paul, Minnesota 
Secretary-Treasurer R. B. Stottz, Columbus, Ohio 
Editor F. E. Netson, Ames, Iowa 

C. Y. CaANNon, Ames, Iowa 


President 


Director 
Director S. J. BROWNELL, Ithaca, New York 
Director — W. V. PricE, Madison, Wisconsin 
Director K. L. Turk, Ithaca, New York 
Director J. H. Hitton, Raleigh, North Carolina 
Director ‘P. I’. SHarP, Piedmont, California 
Director Forpyce Ety, Lexington, Kentucky 
Officers of Sections 
Darry PRODUCTION SECTION 
Chairman G. H. Wise, Ames, Iowa 
Vice-Chairman L. A. Moore, Beltsville, Maryland 
Secretary G. M. Cairns, College Park, Maryland 
Datry MANUFACTURING SECTION 
Chairman P. R. ELLIKER, Corvallis, Oregon 
Vice-Chairman E. M. Barker, Rochester, Minnesota 
Secretary D. V. JOSEPHSON, Columbus, Ohio 
Dairy EXTENSION SECTION 
Chairman E. H. LoveLanpD, Burlington, Vermont 
Vice-Chairman G. HEEBINK, Morgantown, West Virginia 
Secretary C. W. REAVES, Gainesville, Florida 
Officers of Divisions 
SOUTHERN 
Chairman R. B. Becker, Gainesville, Florida 
Vice-Chairman ; J. P. LAMAsTER, Clemson, South Carolina 
Secretary-Treasurer F. H. Herzer, State College, Mississippi 


EASTERN 
H. C. Moore, Durham, New Hampshire 


Chairman 

Vice-Chairman A. I. Mann, Storrs, Connecticut 

Secretary-Treasurer L. R. Down, Storrs, Connecticut 
WESTERN 

Chairman N. 8. Gotpine, Pullman, Washington 

Vice-Chairman : S. W. Meap, Davis, California 

Secretary-Treasurer H. P. Ewa tt, Corvallis, Oregon 


The American Dairy Science Association was organized to advance the general wel- 
fare of the dairy industry, especially by the improvement of dairy instruction by the 
stimulation of scientific research in all phases of the subject and by improvement in 
methods of conducting extension work. 


Membership. Any person is eligible to membership who is formally announced by 
an Agricultural College or Experiment Station, or by the Bureau of Dairy Industry of 
the United States Department of Agriculture or by the Canadian Department of Agri- 
culture as an instructor, extension worker, investigator, or administrative officer connected 
with the dairy industry, or any person filling a position of responsibility connected with 
the dairy industry who has had-.a college or university training in technical science, or 
any person filling a responsible position in the dairy industry of a professional character 
requiring a technical knowledge of dairying of a high order. The membership fee is $5.00. 


The dues are $5.00 a year, $3.00 of which is for a year’s subscription to the Journal 
of Dairy Science. Correspondence regarding membership and dues should be addressed to 
R. B. Stoltz, Ohio State University, Columbus, Ohio. 
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TECHNICAL SPECIALTIES FOR 
IMPROVING YOUR PRODUCTS 


‘FRIGIDRY’ DAIRY CULTURES—6 TYPES 


Vigorous, rapid growing, easy to use. Repeated transfers unnecessary, saving several days’ 
time. Uniformity assured and high viability retained by sub-zero, high-vacuum drying 
process. Each type tailor-made for its purpose. 


‘PROVALAC’ CAROTENE DAIRY EMULSION 


Convenient, economical method of fortifying ice cream and milk with Vitamin A activity 
—automatically produces desirable carotene or “June” color. Contains no fish oils. No 
special equipment required, blends easily with simple agitation. 


“YELLO-A’ CAROTENE BUTTER COLOR 


Trade Mark 
Colors your butter the natural way with carotene—the same color nature supplies when 


cows are on green pasture—also = | sige natural vegetable Vitamin A activity—no fish oils 
or added artificial color used. Ideal for cheese also. 


‘BODY-GUARD’ ICE CREAM STABILIZER 


New, different, more efficient—the stabilizer that saoneteinie goatutes the better quality 
ice creams, builds consumer appeal and increases your sales. High active ingredient con- 


tent, properly blended to give maximum results. 
WRITE FOR LITERATURE AND PRICES 


GENERAL BIOCHEMICALS, INC. 


20 LABORATORY PARK e CHAGRIN FALLS, OHIO 


Mastitis Test Paper 


A better test paper which gives greatly 
improved color reactions. Convenient book 
form. A better tool for the dairy farmer. 


Write for detailed information. 


PAR CECO. coMPANY, 5821 MARKET ST.. PHILA. 39, PENNA. 


Wour advertisement is being read in every State and in 25 Foreign Countries 
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aA 


BACK COPIES 
of 


Journal May Be Available 


The Association has available back copies of the Journal of 
Dairy Science. If you need back copies, please write and 
inquire as to whether the particular one that you need is 
available. In some cases we have only a few volumes and 
we do not sell them unless the complete set of volumes is 
purchased. In many cases we have six or eight volumes 
complete with 50 or 100 copies available of certain numbers 


such as the November or December issue. 


The cost of the first sixteen volumes if available is $5.00 
each. The cost of Volumes 17 to the last year is $6.00 
each. Individual numbers when available are $1.00 each. 


iva! 


ax 


If you are interested in procuring back copies please write 
to the Sec’y-Treas., American Dairy Science Assn., c/o Ohio 
State University, Columbus 10, Ohio. Make all checks 
payable to the 


AMERICAN DAIRY SCIENCE ASSOCIATION 


TOTO 
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Following actual plant operation in sev- 
eral leading creameries, CP is pleased 
to present the CP Wizard Coil Pasteur- 
izer with Sanitary Seal for. maximum 
sanitation. 
The CP Sanitary Seal assembly can 
be quickly and easily cleaned. Simply 
remove the spring retainer ... slip off 
the split compression ring ... push back 
the pressure ring and seal ring... and 
you have complete access for hosing and 
brushing between the sleeve and coil 
stub shaft. The split compression ring is 
made of a flexible plastic material that 
is odorless and fat resistant. 
For over 40 years, the CP Coil Pas- 
teurizer has been the dairy industry's ‘ 
most useful machine—for heating, cool- 
ing, and general processing. Now, it’s * 
better than ever! Ask your CP represent- Pe ; aed 
ative for further details. 


tH Creamery Package MiG. COMPANY 


General Offices: 
1243 W. Washington Bivd., Chicago 7, Illinois 
BRANCHES IN 21 PRINCIPAL CITIES 
Creamery Package Mfg. Co. of Canada, bid, TORONTO 
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CULTURE MEDIA 
for Examination of Milk 


Bacto-TRYPTONE GLUCOsE ExTrRAct AGAR 

is recommended for use in determining the total bacterial plate count 
of milk in accordance with the procedures of ‘‘Standard Methods for 
the Examination of Dairy Products’’ of the American Public Health 
Association. 

Upon plates of medium prepared from Bacto-Tryptone Glucose 
Extract Agar colonies of the bacteria occurring in milk are larger and 
more representative than those on media previously used for milk 
counts. 


BacTo-PROTEOsE TRYPTONE AGAR 

is recommended for use in determining the bacterial plate count of 
Certified Milk. The formula for this medium corresponds with that 
suggested in ‘‘Methods and Standards of Certified Milk’’ of the 
American Association of Medical Milk Commissions. 


Bacto-Viotet Rep Binz AGAR 


is widely used for direct plate counts of coliform bacteria. Upon 
plates of this medium accurate counts of these organisms are readily 
obtained. 

Bacto-BRILLIANT GREEN BILE 2% 

BacTo-FORMATE RICINOLEATE BROTH 


are very useful liquid media for detection of coliform bacteria in milk. 
Use of these media is approved in ‘‘Standard Methods.’’ 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media. 


Dirco LABORATORIES 


DETROIT 1, MICHIGAN 
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